Incremental Evaluation of Schema-directed XML Publishing by Bohannon, Philip et al.
  
 
 
 
Edinburgh Research Explorer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Incremental Evaluation of Schema-directed XML Publishing
Citation for published version:
Bohannon, P, Choi, B & Fan, W 2004, Incremental Evaluation of Schema-directed XML Publishing. in
Proceedings of the 2004 ACM SIGMOD International Conference on Management of Data. SIGMOD '04,
ACM, New York, NY, USA, pp. 503-514. DOI: 10.1145/1007568.1007625
Digital Object Identifier (DOI):
10.1145/1007568.1007625
Link:
Link to publication record in Edinburgh Research Explorer
Document Version:
Publisher's PDF, also known as Version of record
Published In:
Proceedings of the 2004 ACM SIGMOD International Conference on Management of Data
Publisher Rights Statement:
Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.
Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.
Download date: 05. Apr. 2019
 
	
ﬀﬂﬁﬃﬁﬃ "!#%$
	'&)(*ﬂ+,+-/.10 2435767ﬂﬂ8$79
:;=<?>?<A@CB'DE;=FEGHG)DIG
JHKMLNLPOEQSRUTWVXQZYXTWV\[NKM]
^_a`ﬂbZcWc_acﬂdSegfﬂhZfWbSeij`lkA^ﬂfgmWmWnWmSbS^ohPk\iS_qp
B
r)sgDIGut';=DI<wv
xzy{[ |gKMVX]\[ Y~}+TSllKMy{yo]\}L |WQSy{[Q
Woij`_jdSWegbS{jfZcgkiﬂZhPkAWŁﬂfZcﬂclk~fSW
UG=\U<z=FEG
xzyo[ |gKjV\]X[ Y~}
TS=o[NyR{oVXWJHKjLNLOIQSRTWVQZY\TWVX[NKM]

fZcggfojdoqcgk~fSk~bﬂiPkAW
Abstract P¡S¢¤£¦¥ﬂ§M¨¡©lª¬«­®°¯S±²³¡S¢°´Mµ%¶±P·£¦¸µq¡W­¹A§M®²º¥­P¥g´j¥·E¥ﬂµq¡¥g§M¡
²¥ﬂ¸¢´j¥ﬂ¸¢P¡W­¤¡Z»´M¡Z§M¢P¥££N¼
½
¸N´¸µ¾¸¢¡Z¿³¯S¸¡S¢°´¾´M®§M¡S¶I¡W¥g´M¡W­£N¼¤§M¡S¯S®²À
¶±´M¡%´MP¡S²ÂÁ¬P¡S¢Ã´MP¡¾­¥ﬂ´j¥ﬂ·E¥µq¡,¸¦µ±¶­P¥g´M¡W­
ÄÅ
¥µ´M£N¼¶§M¡a¹?¡Z§j¥ﬂ·P£¡
¸µÆ¸¢P¯Z§M¡S²³¡Z¢´j¥ﬂ£±¶­P¥g´M¡
½
¥µÆ¯S®²³²³®o¢'¹A®§zÇ¸¦¡aÁ¬µzµ´M®ﬂ§M¡W­¸¢¥­P¥ﬂ´j¥
Áﬀ¥ﬂ§M¡S®o±µq¡
Ä7È
®WÁ¡SÇ{¡Z§
½
´M®Éµq±P¶¶I®§q´µq¯jP¡Z²¥ﬂÀ\­¸N§M¡S¯Z´M¡S­¶P±P·£¸¦µqUÀ
¸¢¨
½
´MP¡Z§M¡%²¥S¼·I¡%¢P®
µq¸²³¶P£¡%Ê°±P¡Z§q¼'´ME¥ﬂ´ﬀ­¡ZËP¢P¡SµÆ´MP¡%²¥¶¶P¸¢P¨
¹Ì§M®o²º´M¡­P¥g´j¥·P¥µq¡´M®´MP¡¡Z»´M¡Z§M¢P¥£­U®°¯S±P²³¡S¢°´
Ä'Í
®ﬃ²³¡S¡Z´¾´M¡
¢¡S¡W­¹A®§¡Z¿¯S¸¡S¢°´¸¢P¯a§M¡S²³¡S¢°´j¥£±P¶­P¥g´M¡
½
´M¸¦µÆ¶E¥ﬂ¶I¡Z§ﬀµ´M±P­¸¡Sµ´XÁ®
¥ﬂ¶P¶U§M®{¥¯jP¡Zµﬀ¹?®§¬¸¢¯Z§M¡S²³¡S¢°´j¥£P¡SÇo¥ﬂ£±E¥ﬂ´M¸®¢®¹=ÎÏIÐ
]%Ñ ÒÓ
½
¥
¹?®ﬂ§M²¥£NÀ
¸µq²Ô¹?®ﬂ§¾µq¯jP¡S²¥gÀ\­¸N§M¡S¯Z´M¡W­Ã©lª%«¶±P·£¦¸µq¸¦¢¨
ÄﬀÍ
P¡³ÕMÖq×ØÙZÚ~ÛwÜÝﬃ¥ﬂ¶À
¶U§M®{¥ﬂ¯a³µq¡S¡ZÞUµ´M®¶P±µq³¥µÆ²±¯a
Áﬀ®ﬂ§MÞ¥µÆ¶I®oµqµq¸·£¦¡¬´M®¾´MP¡±¢E­U¡Z§qÀ
£N¼U¸¢P¨ßlàPª¬á
ÄHâ
´¸µ·E¥µq¡S­®o¢¥ã§M¡S£¦¥ﬂ´M¸®o¢P¥£¡S¢P¯S®­U¸¢P¨®¹E©)ª¬«¬´q§M¡S¡Sµ
¥ﬂ¢E­ä¥¢®o¢°´q§M¸Ç¸Ì¥ﬂ£)´q§j¥ﬂ¢Pµq£¦¥ﬂ´M¸®o¢É®ﬂ¹ÎUÏEÐ
]
´M®áSål«äææÃÊ±¡Z§M¸¡Sµ¬Á¬¸´M
§M¡Z¯S±§Mµq¸®o¢
Ä³È
®WÁ¡SÇ{¡Z§
½
¥ÃÁ¡W¥Þ¢P¡Zµqµ®¹ﬀ´M¸¦µ+¥ﬂ¶P¶U§M®{¥¯jç¸µ¾´MP¥ﬂ´+¸N´
§M¡Z£¦¸¡Sµ®¢'¸¦¨À¡S¢P­'ßlàPª¬áÆ¹A¡W¥ﬂ´M±U§M¡Sµ§j¥ﬂ´M¡Z§H´ME¥ﬂ¢
´M¡£®WÁﬀ¡Sµ´Æ¯S®²À
²³®¢³­¡Z¢P®o²³¸¢P¥ﬂ´M®§
Ä=â
¢¯Z®o¢°´q§j¥µ´
½
´M¡èZØ×oé\ÙZØUÚI¥¶P¶U§M®{¥ﬂ¯a¶±Pµq¡Sµ
®¢P£N¼µq¸²³¶£¦¡Ê°±¡Z§M¸¡Sµ´M®ä´MP¡ßlàPª¬á³¥¢P­ç¶I¡Z§q¹?®ﬂ§M²³µ´MP¡³·P±£Þê®ﬂ¹
´M¡,Áﬀ®ﬂ§MÞ¸¦¢ﬃ²³¸¦­P­£¡ZÁﬀ¥ﬂ§M¡
Äâ
´¯W¥ﬂ¶P¸N´j¥£¸ëS¡Sµ%®o¢Ã´MP¡ã´q§M¡Z¡ZÀµ´q§M±P¯Z´M±U§M¡
®ﬂ¹©lª¬«³Ç¸¦¡aÁ¬µ,´M®ﬃ²³¸¢¸¦²³¸ëS¡+±¢P¢P¡Z¯S¡SµqµM¥ﬂ§q¼§M¡S¯S®o²³¶±´j¥g´M¸¦®¢Pµ,¥¢E­
£¡SÇo¡Z§j¥¨¡Sµ®o¶´M¸²³¸ëW¥g´M¸¦®¢ì´M¡Z¯a¢P¸¦Ê°±P¡Sµ³­U¡SÇ{¡S£®¶I¡W­¹?®§©lª¬«É¶P±P·UÀ
£¸µqP¸¢¨
Ä
 P¸£¡¸¦²³¶£¡S²³¡S¢°´j¥ﬂ´M¸®o¢ﬃ®¹´M¡,§M¡W­±¯Z´M¸®o¢¤¥ﬂ¶P¶U§M®{¥¯jä¸µ
¢®´¼{¡Z´¸¢í´MP¡ﬃ§M¡S¥¯jî®ﬂ¹,¯S®²³²³¡Z§M¯S¸¦¥£¬ßlàPª¬á
½
Áﬀ¡ﬃE¥WÇ{¡ﬃ¸¦²³¶£¡ZÀ
²³¡Z¢´M¡S­´MP¡¬·P±P­UÀ¯S±´¥¶¶§M®o¥¯jﬃ¥ﬂ¢E­³¡Z»U¶I¡Z§M¸²³¡S¢°´j¥££N¼¡ZÇo¥ﬂ£¦±P¥ﬂ´M¡W­
¸N´Mµ¬¶I¡Z§q¹A®§M²¥¢¯S¡¯S®²³¶E¥ﬂ§M¡S­Ã´M®§M¡S¯Z®o²³¶P±U´j¥ﬂ´M¸®o¢
Ä
1. Introduction©lª¬«¶±P·P£¸µqP¸¢¨ä·°¼ê²³¸¦­­£¡ZÁ¥g§M¡
ÑNïoï
½Æð½
ïWñgÓ
®ﬂ§
Á¬¸N´Mí­U¸§M¡Z¯Z´
ßlàPª¬á7µq±P¶¶I®§q´
Ñ ògÓ
P¥µ#·I¡S¡S¢óÁ¡S££µ´M±E­U¸¡W­
½
¥¢P­ó´M¡S¯jP¢P¸¦Ê°±P¡Zµ
¹Ì§M®o²´M¸¦µÁ®§MÞ
¥ﬂ§M¡ﬀ§j¥ﬂ¶P¸¦­£N¼
·I¡S¸¢P¨ã¸¦¢°´q§M®­U±P¯S¡W­
¸¢´M®ã¯S®o²³²³¡a§M¯S¸¦¥£
¶U§M®­±¯Z´Mµ
Ñ ôoõ
½
ô
ð
Ó
Äâ
¢7µq®o²³¡Ã¥¶¶P£¸¯W¥ﬂ´M¸®¢Pµ
½
µq²¥££¶I®§q´M¸®o¢µ®ﬂ¹
¥'­P¥g´j¥·E¥ﬂµq¡+¥ﬂ§M¡¾¡a»U´q§j¥ﬂ¯Z´M¡W­¸¢´M®êö­U¸¦µq¶I®µM¥·£¦¡Z÷©lª%«'­®°¯S±²³¡S¢°´Mµ
½
¹A®§¡a»P¥ﬂ²³¶P£¡´MP¡²³¡SµqµM¥¨¡SµH¢¡S¡W­¡S­´M®¬¡Z»U¡S¯Z±´M¡Æ®§H§M¡Sµq¶I®¢E­¾´M®§M¡ZÀ
Ê°±¡Sµ´Mµﬀ±Pµq¸¢¨¥
Á¡S·Àµq¡Z§MÇ¸¯S¡Sµ¶U§M®´M®°¯S®£
ÄzÈ
®WÁﬀ¡SÇ{¡a§
½
¸¢Ã²¥¢°¼¥ﬂ¶À
¶£¸¦¯S¥ﬂ´M¸®o¢µ¸¦¢¯S£±E­U¸¦¢¨+²³¡W­¸¦¥ﬂ´M¸®¢
½
¥ﬂ§M¯jP¸Ç¸¢P¨'¥¢P­³Á¡S·µq¸N´M¡,²¥¢UÀ
¥ﬂ¨o¡S²³¡Z¢´
½
£¦¥ﬂ§M¨o¡%©lª¬«¾­®°¯S±²³¡S¢°´Mµ²¥S¼'¢¡S¡W­+´M®·I¡¡Z»U¶I®§q´M¡W­
ÄHâ
¢
´M¸µ¾¯W¥µq¡
½
´MP¡
¯W¥ﬂ¯a¡W­#©lª¬«Ã­®°¯S±²³¡S¢°´¾¯W¥ﬂ¢ê®·UÇ¸®o±µq£N¼É·I¡µq¡S¡S¢
¥ﬂµ,¥øWÛwÖaùç®ﬂ¹´MP¡+­P¥g´j¥·P¥µq¡+¸¢Pµ´j¥¢¯S¡
Äú
®§,¥££l´MP¡¾§M¡W¥ﬂµq®o¢Pµ¬´ME¥g´
¡a¿³¯S¸¡S¢°´
¸¦¢¯Z§M¡S²³¡S¢°´j¥ﬂ£Æ²¥ﬂ¸¢´M¡Z¢E¥¢¯S¡®ﬂ¹¬ÇU¸¡ZÁ¬µ+¸¢ç´M¡³­P¥g´j¥·E¥ﬂµq¡
û
µq¡Z¡
½
Ö
ü ý°üþ
ÑNïSÒﬂÓ?ß
¸µ¸²³¶I®§q´j¥ﬂ¢´
½
¸N´²¥S¼
¥£µq®¾²¥ﬂÞ{¡µq¡S¢µq¡´M®,¸¢¯Z§M¡ZÀ
²³¡Z¢´j¥ﬂ££¼±P¶­¥ﬂ´M¡¬¶P±·P£¸µqP¡W­©lª¬«­®°¯S±²³¡S¢°´Mµ
½
¡SÇo¡S¢Á¬P¡S¢³´M¡Z¼
¥g§M¡ﬃÖ Ú\ÖaÕaÝ
 
Ù

ÙPÖq×
·°¼ﬃ¥²³¸¦­P­£¡ZÁﬀ¥ﬂ§M¡µ¼Uµ´M¡S²
ÄzÈ
®WÁﬀ¡ZÇ{¡Z§
½
´M®
v
	
TWV\Y\KM[Ny°QSV\YÆRg}QSy'HQSV+QSVWKMKM]XKjQSVXVQSygY

	
TWV\Y\KMê[Ny°QSVYRg}
	ﬀﬂﬁ
QSVXKMKMVﬃ! QSV\#"$"
	&%(')')*)+,-)./

	ﬀ0ﬁ
-)')1)1).)')')-
QSy{'=
	

ﬁ
243
	ﬀ-)+)1)')5
3
',

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
SIGMOD 2004, June 13-18, 2004, Paris, France.
Copyright 2004 ACM 1-58113-859-8/04/06 ... 6 5.00.
T∆
T∆
I: R  
∆Ι
∆Ι
T: D
T + : D
σ
σ
+I
¬<87:9=sg<;>=@?aGBAosgDCêUGFEZFE>HGUFE>9=FDEW<ADIG
®o±U§Þ¢P®WÁ¬£¡W­¨¡
½
¢®ã¶U§M¡SÇ¸¦®±PµHÁ®§MÞ+E¥ﬂµ¯S®o¢µq¸Ì­U¡Z§M¡W­
¸¦¢¯Z§M¡S²³¡S¢°´j¥ﬂ£
±P¶­¥ﬂ´M¡¾®ﬂ¹©lª%«'­®°¯S±²³¡S¢°´Mµ¶P±·P£¸µqP¡W­¹A§M®o²"§M¡Z£Ì¥g´M¸®o¢E¥ﬂ£­P¥g´j¥
Ä
â
¢
´MP¸µ¶E¥ﬂ¶I¡Z§
½
Á¡¯S®o¢µq¸Ì­U¡Z§Æ´MP¡ﬀ¶P¥ﬂ§q´M¸¯S±P£¦¥g§¯W¥ﬂµq¡®¹¸¢P¯a§M¡S²³¡S¢À
´j¥£,±P¶­P¥g´M¡É®¹
©lª%«7­U®°¯S±P²³¡Z¢´Mµ¯Z§M¡S¥ﬂ´M¡W­u·°¼
I
ÙPÖ
JK
é\×Û?ÕMÖqÙZÚ\Öq×
©lª¬«
L
ØPè

Û
I
°Û?Ý
ý
²³¸¦­P­£¡ZÁﬀ¥ﬂ§M¡
ÄÍ
P¡É¸¦­¡W¥®ﬂ¹
µq¯a¡S²¥ﬂÀ\­¸N§M¡S¯a´M¡W­
¶P±·P£¸µqP¸¢P¨
¸µ´M®
¡Z»´q§j¥¯Z´ﬀ­P¥ﬂ´j¥¹A§M®²"¥§M¡S£¦¥ﬂ´M¸®o¢P¥£)­P¥g´j¥·E¥ﬂµq¡¾¥ﬂ¢E­
¯S®¢Pµ´q§M±P¯a´H¥ﬂ¢
©lª¬«ﬀÇ¸¡ZÁç´MP¥ﬂ´ÙjÜﬂÝ)MSÜÕ
JI
ÚÜ
!L
ÕMÖq×°ÖNÆÝIÖq×
I
ÙPÖ
JK
½
¸¢´MP¸µ%¯W¥µq¡
¥ßÏIß
ÄﬀÍ
¡¢P¡S¡S­ﬃ¹?®ﬂ§ã´M¸¦µ¬¸µ%¡SÇ¸Ì­U¡S¢°´¬¸¢¤¶§j¥¯a´M¸¦¯Z¡O
¡S¢°´M¡Z§M¶U§M¸¦µq¡ZµÃ´\¼¶¸¯W¥££N¼ ¥ﬂ¨§M¡S¡É®¢u¥ç¯S®²³²³®o¢µq¯jP¡Z²¥#¹?®ﬂ§ä­¥ﬂ´j¥
¡Z»U¯jE¥¢¨o¡P´M±Pµ
½
¥
µq¶I¡S¯Z¸ËP¯W¥ﬂ´M¸®¢ﬃ¹?®ﬂ§¬¶P±·P£¸µqP¸¢P¨+Ç¸¡ZÁ¬µﬀ´ME¥g´ﬀ¡S¢UÀ
µq±§M¡Zµµq¯jP¡S²¥¾¯S®¢¹A®§M²¥¢¯S¡%¸¦µ¥¢®o·Ç¸®o±µ·I¡S¢¡ZËP´Æ¹?®ﬂ§­¡ZÇ{¡S£®o¶UÀ
¡Z§Mµ
Äâ
¢§M¡Sµq¶I®o¢µq¡´M®ã´M¸¦µ=¢P¡S¡W­
½
´MP¡ÎÏIÐ
û(Q
´q´q§M¸·P±´M¡
Í
§j¥ﬂ¢Pµq£¦¥ﬂ´M¸®o¢
R
§j¥²³²¥g§
ß
¹?®ﬂ§M²¥£¸µq² E¥ﬂµ¾·I¡S¡S¢ç­¡SÇ{¡Z£¦®¶I¡W­
Ñ ÒﬂÓ
Ä
Q
¢#ÎÏIÐì¸µ+¥
²¥¶¶P¸¢P¨STO2UWVYX ¥µqµq®°¯Z¸Ì¥g´M¡W­Á¬¸N´M¥É§M¡S£¦¥ﬂ´M¸®o¢P¥£%µq¯a¡S²¥
UÔ¥¢P­¥¶U§M¡W­¡ZËP¢P¡W­
û
¶I®oµqµq¸·P£N¼ê§M¡S¯S±§Mµq¸Ç{¡
ß
ßÏIßZX
Ä
R
¸Ç{¡S¢¥¢
¸¢Pµ´j¥ﬂ¢P¯S¡\[ê®ﬂ¹]U
½
S ¯S®o²³¶±´M¡Sµ'¥¢í©lª¬«äÇ¸¦¡aÁ_^
`
S
û
[
ß
µq±P¯j
´ME¥g´a^ ¯Z®o¢¹A®§M²³µ,´M®bX
Ä+Í
®ﬃ¥¯Z¯S®o²³¶£¦¸µqÉ´MP¸µã´q§j¥ﬂ¢Pµ¹A®§M²¥ﬂ´M¸®¢
½
X ¸µ³´q§M¡W¥ﬂ´M¡W­î¥µ¥#µq¡Z´®¹¶U§M®­±¯Z´M¸®o¢Pµ
Äﬂc
¥ﬂ¯aî¶§M®­U±P¯Z´M¸®o¢î¸µ
¥¢¢P®ﬂ´j¥ﬂ´M¡W­·°¼dSìÁ¬¸N´Mî¥äµq¡a´®¹
I
Ö
J
ÝPÚ~ÛwÙﬃÕjØ

Ö
I
½
¥ﬂ¢E­7¥äµq¸¢P¨£¡
I
Ö
J
ÝÚ~ÛwÙ

Ú~Ú~ÕaÛwèZØÚ\Ö¸µ'­U¡ZËE¢¡W­¤¹?®§
¡W¥ﬂ¯aê¡S£¡S²³¡S¢°´´X¼U¶I¡
ÄÍ
P¡Sµq¡
§M±P£¡Sµ+¨®ﬂÇo¡Z§M¢ç´MP¡³¶U§M®­±¯Z´M¸®o¢®ﬂ¹¯a¸£Ì­ê¡S£¡S²³¡S¢°´Mµ¹?®§
¡W¥ﬂ¯aç¡S£¡ZÀ
²³¡S¢°´·P¥µq¡W­®¢´MP¡¾­P¥ﬂ´j¥'¶§M¡Sµq¡S¢°´¬¸¢´M¡¥ﬂ´q´q§M¸·P±U´M¡
Ä
Í
®É­U¸¦µq¯Z±Pµqµ¸¢¯Z§M¡S²³¡S¢°´j¥£z±P¶­¥ﬂ´M¡
½
Á¡¥ﬂµqµq±P²³¡³´ME¥g´¥äµq¡Z´®¹
¯jE¥¢¨o¡Sµ%´M®Ã¥¢¤©lª¬«³´q§M¡Z¡@^ó¯W¥¢É·I¡+¡S¢¯W¥¶µq±P£¦¥ﬂ´M¡W­É¥ﬂµe^
½
¥ﬂ¢E­
´ME¥g´
¥¢ê®o¶I¡Z§j¥g´M®§fÂ§M¡S¶U§M¡Sµq¡S¢°´Mµ¾´MP¡³¥ﬂ¶P¶£¦¸¯W¥g´M¸®o¢®ﬂ¹ﬀ´MP¡Sµq¡±P¶À
­P¥g´M¡Sµ
Ä
R
¸Ç{¡S¢´MP¡Sµq¡¾¥µqµq±P²³¶U´M¸®o¢Pµ
½
´M¡'Û?ÝEÙZÕMÖ
J
ÖaÝPÚ

Öaø

Ø

Ú~ÛwÜÝ
¶§M®·P£¡S² ¹A®§ÎÏIÐ
]
¯W¥ﬂ¢·I¡ﬃµ´j¥ﬂ´M¡W­î¥µ¹?®££¦®WÁ¬µgO#¨o¸Ç{¡Z¢¥ﬂ¢ÎÏIÐ
ShOaUiVjX
½
¥ç§M¡S£¦¥g´M¸¦®¢E¥ﬂ£¸¦¢µ´j¥¢¯S¡[ì®ﬂ¹kU
½
´MP¡¤©lª¬«Ç¸¦¡aÁ
^
`
S
û
[
ß
½
¥¢E­ä¯jE¥ﬂ¢P¨¡Sµek[³´M®[
½
¯Z®o²³¶P±U´M¡©lª%«¯jE¥ﬂ¢P¨¡Sµ]e@^
´M®a^îµq±P¯j´ME¥g´l^\fme@^
`
S
û
[Bfbek[
ß
ÄÍ
¡Sµq¡§M¡S£¦¥ﬂ´M¸®o¢µqP¸¶Pµz¥ﬂ§M¡
¸££¦±µ´q§j¥ﬂ´M¡W­+¸¢
ú
¸¨
Ä
ï
Äon
®ﬂ´M¡¹A±§q´M¡Z§=´MP¥ﬂ´
½
¸N¹pS¸µ=¯S®ﬂ§q§M¡S¯Z´
½
^afe@^
¸µﬀ´q§M¸ÇU¸¦¥ﬂ£¦£N¼ﬃ¨o±P¥ﬂ§j¥¢°´M¡S¡S­Ã´M®¯Z®o¢¹A®§M²"´M®
´MP¡,¶U§M¡W­¡aËE¢P¡S­ﬃßÏIßX
Ä
â
¢#¯S®¢´q§j¥ﬂµ´+´M®ﬃ§M¡S¯S®²³¶P±U´M¸¦¢¨Ã´M¡¢¡ZÁ Ç¸¦¡aÁÂ¹Ì§M®o²ºµq¯a§j¥ﬂ´M¯j
½
¸¢UÀ
¯Z§M¡S²³¡Z¢´j¥ﬂ£E¡SÇ¥£±E¥g´M¸®o¢®¹=ÎUÏEÐ
]
¯W¥ﬂ¢
½
¸¢Ã¶U§M¸¢P¯S¸¶P£¡
½
¸²³¶U§M®ﬂÇo¡%¶I¡a§qÀ
¹?®ﬂ§M²¥¢¯S¡¾µq±P·µ´j¥¢°´M¸¦¥££N¼Ã·¼³¥¶P¶£N¼¸¢¨'®¢P£N¼´MP¡,¯jE¥ﬂ¢P¨¡Sµqe^ ´M®
´MP¡
®o£¦­ÉÇ¸¦¡aÁr^
Ä+Í
®§M¡W¥£¸ëS¡´M¡'¸²³¶§M®gÇ{¡Z²³¡S¢°´%§M¡SÊ±¸N§M¡Sµ¥
ß
¥¢
¡Z¿³¯Z¸¦¡Z¢´¥£¨o®ﬂ§M¸N´MP² ´MP¥ﬂ´¯Z®o²³¶P±U´M¡Sµ+´MP¡Ã©)ª¬«¤¯jE¥¢¨o¡SµKe^Ô¸¢
§M¡Sµq¶I®¢Pµq¡¬´M®,§M¡S£¦¥ﬂ´M¸®o¢P¥£I¯jE¥ﬂ¢P¨o¡Zµ2ek[
½
¥¢P­·
ß
¥¢³¡Z¿¯S¸¡S¢°´¸²³¶P£¡ZÀ
²³¡S¢°´j¥ﬂ´M¸®¢®¹=´MP¡¾´q§M¡S¡ZÀ±¶­P¥ﬂ´M¡,®o¶I¡Z§j¥g´M®§af
Ä
s
±§¬Ë§Mµ´,¯S®¢°´q§M¸¦·±´M¸®o¢¤¸µã¥äÕMÖq×ØÙZÚ~ÛwÜÝKMaÕ
ﬀJ
ÖaùzÜÕut¾¹?®ﬂ§¾¸¢P¯Z§M¡aÀ
²³¡S¢°´j¥£Æ²¥¸¢°´M¡S¢P¥¢P¯Z¡³®¹%©lª%«äÇ¸¡ZÁ¬µ­¡ZËP¢P¡W­#·¼êÎÏIÐ
]
ÄÉú
®ﬂ§¥
¨o¸Ç{¡Z¢7ÎUÏEÐu­¡ZËP¢P¸N´M¸®o¢<S
½
´MP¡³¹A§j¥ﬂ²³¡ZÁﬀ®ﬂ§MÞç¯S®¢Pµq¸µ´Mµ®ﬂ¹,¥
ß
¥äµq¡a´
®¹Ç¸§q´M±P¥£H§M¡S£¦¥g´M¸¦®¢Pµ+¥ﬂµqµq®°¯S¸¦¥ﬂ´M¡W­êÁ¬¸N´MÉ´MP¡'µq¡S²¥¢°´M¸¯¥g´q´q§M¸·P±´M¡Zµ
®¹4S
½
·
ß
Ê°±P¡Z§M¸¡Sµ+­U¡ZËE¢¸¦¢¨³´MP¡'§M¡Z¯S±§Mµq¸Ç{¡§M¡Z£Ì¥g´M¸®o¢Pµq¸¶ç®¹z´MP¡Sµq¡
Ç¸N§q´M±E¥£z§M¡S£¦¥ﬂ´M¸®o¢µ´M®ê¡Z¢P¯S®­U¡ﬃÎÏIÐÀ\¶U§M®­±¯S¡W­©lª¬«¤­®°¯S±²³¡S¢°´Mµ
½
¯
ß
¥
²¥¶P¶¸¢P¨
·E¥µq¡S­Ã®¢ﬃ´MP¡Zµq¡,§M¡S¯S±U§Mµq¸¦Ço¡Ê°±P¡Z§M¸¡Sµ¹Ì§M®o²ÔÎÏIÐ
]
´M®
áSål«
æUæÊ°±P¡a§M¸¦¡ZµHÁ¬¸´M'£¸¦¢¡W¥ﬂ§§M¡Z¯S±§Mµq¸®o¢
Ñ ôﬂÒÓ
½
¥ﬂ¢E­
­
ß
²³¡Z¯aP¥¢P¸µq²³µ
¹?®ﬂ§¬¯S®o²³¶±´M¸¢P¨
©lª¬«
¯jE¥ﬂ¢P¨o¡Zµqe^u¹A§M®² §M¡S£¦¥ﬂ´M¸®o¢P¥£l¯aP¥¢¨o¡Sµqek[
¥ﬂ¢E­ﬃ¹A®§%±P¶­¥ﬂ´M¸¢P¨'´MP¡¾¡Z»´M¡Z§M¢P¥£lÇ¸¦¡aÁ ^ Á¬¸N´Me^
Ä

§M¡SÇ¸®o±µÁﬀ®ﬂ§MÞ
ÑNïoï
½ﬀð
Ó
¹A®§³©lª¬«É¶P±P·£¸¦µq¸¢P¨ÉE¥ﬂµ­¡ZÇ{¡S£®o¶I¡W­
²¥ﬂ¶P¶¸¦¢¨oµ,¹Ì§M®o² ©lª¬«ﬃÇ¸¡ZÁÂÊ°±P¡Z§M¸¡Sµ¾´M®áSål«Ê°±P¡Z§M¸¡Sµ¾´MP¥ﬂ´+¯S®²À
¶±´M¡
§M®°®´qÀw´M®À£¡W¥ﬂ¹¶E¥g´MPµ¾¸¢ê¥§M¡S£¦¥g´M¸¦®¢E¥ﬂ£z¡S¢¯S®­¸¢¨ﬃ®ﬂ¹´MP¡'©lª%«
´q§M¡Z¡
ÄºÍ
¡Sµq¡ç´M¡S¯jP¢¸¦Ê±¡Sµ
½
®gÁ¡SÇ{¡Z§
½
¯W¥¢¢P®´ä·I¡7­¸N§M¡S¯Z´M£N¼C¥ﬂ¶À
¶£¸¦¡S­í´M®#¨o¡S¢¡Z§j¥ﬂ´M¸¢¨ê®ﬂ§³±P¶­¥ﬂ´M¸¢P¨ÉÎÏIÐlÀ¨¡S¢P¡Z§j¥g´M¡W­ì­®°¯S±²³¡S¢°´Mµ
­U±P¡ﬀ´M®+¥¾£¦¥¯jÞ®ﬂ¹lµq±P¶P¶I®ﬂ§q´¹?®§Æ§M¡S¯S±U§Mµq¸®o¢
Äâ
¢´MP¡¯Z®o¢°´M¡Z»´Æ®¹l©lª%«
I
ÕqÖq×{×Û?Ý
ý½
´MP¡¥ﬂ±´MP®ﬂ§Mµ®¹
ÑNïgòWÓ
µqP®WÁ¡W­'´ME¥g´£¸¦¢¡W¥ﬂ§Æ§M¡S¯S±U§Mµq¸®o¢®ﬂ¹
áZå)«¤ææ¸¦µ%µq±¿¯S¸¡S¢°´ã´M®³µq±¶P¶I®§q´
z)QZY\
Ê°±P¡Z§M¸¡Sµ%®gÇ{¡Z§ãµq§M¡W­­¡W­
©lª¬«¾­¥ﬂ´j¥
½
¡SÇ{¡S¢Á¬¡S¢´M¡µq§M¡W­­¸¢P¨¾µq¯jP¡Z²¥,¸µ§M¡Z¯S±§Mµq¸Ç{¡
½
¥¢E­
µq±¨o¨¡Sµ´M¡W­'´MP¥ﬂ´´MP¸µ¥¶¶§M®o¥¯j¯S®±P£¦­·I¡¥ﬂ¶P¶P£¸¡W­'¹A®§Æ¶P±·P£¸µqP¸¢P¨
Ê°±¡Z§M¸¡Sµ
ÄÍ
¡Ã§M¡S­±P¯a´M¸¦®¢7¹A§j¥²³¡aÁﬀ®§MÞç¡Z»´M¡S¢E­Uµ
´M¡Ã¶U§M¸®§Á®§MÞ
·°¼µqP®WÁ¬¸¢P¨'´M¡¬¯S®o¢¢P¡S¯Z´M¸®¢ﬃ·I¡Z´\Áﬀ¡S¡Z¢´M¡%§M¡Z¯S±§Mµq¸Ç{¡%©lª%«Ç¸¡ZÁ¬µ
¢¡S¡W­U¡W­Ã¹A®§ãµq¯a¡S²¥ﬂÀ\­¸N§M¡S¯a´M¡W­ﬃ¶±P·P£¸µqP¸¢¨¥¢P­äáSål«ææ³Ç¸¦¡aÁ¬µ
Ä

±¯aä¥µ
ÑNïï
½ð
Ó
µq¡S¡SÞÃ´M®³¶P±µqä©lª%«¶±P·£¦¸µq¸¦¢¨Áﬀ®ﬂ§MÞﬃ´M®´M¡
ßlàPª¬á
½
¥+¶§M¸²¥g§q¼³¨o®o¥£®¹l´MP¡¬§M¡W­±¯Z´M¸®o¢³¹A§j¥ﬂ²³¡ZÁﬀ®ﬂ§MÞ³¸µ´M®'¶±Pµq
ÛAÝIÙZÕMÖ
J
ÖaÝPÚ

Áﬀ®§MÞì´M®´MP¡#ßlàPª¬á
½
´MP¡Z§M¡Z·¼ì´j¥Þ¸¢P¨ì¥­Ç¥¢°´j¥¨¡
®ﬂ¹¬µq®o¶P¸µ´M¸¯W¥ﬂ´M¡W­ê¯W¥¶P¥·P¸£¸N´M¸¡Sµ
¹A®§Ê°±P¡Z§q¼É®¶´M¸²³¸ëW¥ﬂ´M¸®o¢
½
¡Z»U¡S¯S±UÀ
´M¸®¢¥ﬂ¢E­³¸¢P¯Z§M¡S²³¡Z¢´j¥ﬂ£EÇ¸¡ZÁu±P¶­¥ﬂ´M¡
ÄHÈ
®WÁﬀ¡SÇo¡Z§
½
´M§M¡S¡ã¶§j¥ﬂ¯Z´M¸¯W¥£
¸µqµq±¡Sµ³¯S®o²³¶£¸¦¯S¥ﬂ´M¡ﬃ´M¡ﬃ±µq¡ﬃ®ﬂ¹¾ßlàPª¬á§M¡Sµq®o±U§M¯S¡Sµ¸¢ìµq±P¶P¶I®ﬂ§q´®ﬂ¹
¸¢¯Z§M¡S²³¡S¢°´j¥£%Áﬀ®ﬂ§MÞ
ÄÍ
P¡¤ËP§Mµ´ﬃ¸µqµq±P¡É¸¢Ç{®o£Ç{¡Sµ³´M¡êßlàPª¬á¹A¡W¥ﬂÀ
´M±U§M¡Sµﬀ§M¡WÊ°±P¸N§M¡W­³¹?®ﬂ§´MP¡%§M¡W­±¯Z´M¸®o¢ﬃ¥¶P¶U§M®{¥ﬂ¯a
Ä

¸Ì­­£¡ZÁﬀ¥ﬂ§M¡¾´ME¥g´
µq¡Z¡SÞµ´M®#Á®§MÞ7Á¬¸N´M¥ÉÁ¬¸Ì­U¡Ç¥ﬂ§M¸¡Z´\¼í®¹¾¶U§M®­±¯Z´Mµµq±P¶¶I®§q´M¸¢P¨
´M¡
 J
ﬁ
¸¦¢°´M¡Z§q¹?¥¯S¡%²±µ´´j¥Þ{¡¬¥äö\£®gÁ¡Sµ´ﬀ¯Z®o²³²³®o¢­¡S¢®o²³¸¢E¥gÀ
´M®ﬂ§M÷¥¶¶§M®{¥ﬂ¯aä´M®´M¡¾¹?±¢P¯Z´M¸®o¢P¥£¸N´X¼ﬃ§M¡WÊ°±P¸N§M¡W­ﬃ¹Ì§M®o²Ô´MP¡
ßlàPª¬á
Ä

±´
áSål«#æUæﬃ§M¡Z¯S±§Mµq¸®o¢ç¥¢P­#¸¢P¯a§M¡S²³¡S¢°´j¥£±¶­P¥ﬂ´M¡'®¹ÇU¸¡ZÁ¬µ+¥g§M¡
µq¡Z¶E¥ﬂ§j¥g´M¡
½
¥­Ç¥¢P¯Z¡W­É¹A¡W¥ﬂ´M±U§M¡Sµ+®¹®¢P£N¼É´MP¡'²³®oµ´+µq®o¶P¸µ´M¸¯W¥ﬂ´M¡S­
¯Z®o²³²³¡Z§M¯S¸¦¥ﬂ£¶§M®­±¯Z´MµgP¹A±§q´M¡Z§M²³®§M¡´MP¡§M¡W­±¯Z´M¸®o¢î¥¶¶§M®{¥ﬂ¯a
¥ﬂ£µq®­U¡S¶I¡S¢E­Uµ®o¢Û?ÝEÙZÕMÖ
J
ÖaÝÚ

Ø
L
×

Ú\ÖÜM
JK
Ú\ÖaÕaÛ

Û

Öq×íøWÛÖaù
I
×{ÖNÆÝÖq×Ø
I
Û?Ý
ý
áZå)«¤ææçÕMÖqÙZØÕ
I
Û~ÜÝ P)¸¢#®ﬂ´MP¡Z§%Áﬀ®ﬂ§j­µ
½
¥³¯S®o²'·P¸¢E¥gÀ
´M¸®¢#®ﬂ¹Æ·I®´Mä¹?¡S¥ﬂ´M±§M¡Zµ
Ä
	
¡S¯S®o¢P­
½
´M®¡¡Z¯Z´M¸Ç{¡S£N¼ä¶±PµqÉ­®WÁ¬¢ä´M¡
Á®§MÞ+§M¡WÊ°±P¸N§M¡W­´M®,¸¢P¯a§M¡S²³¡S¢°´j¥££N¼
±P¶­P¥g´M¡ﬀ¥ﬂ¢¡Z»´M¡Z§M¢E¥ﬂ£ÇU¸¡ZÁ
½
®o¢¡
²'±Pµ´P¥WÇ{¡¾¥ﬂ¯S¯S¡Sµqµ%¢P®ﬂ´¬®o¢P£N¼´M®¥
²¥ﬂ´M¡Z§M¸¦¥ﬂ£¦¸ëS¡S­Ç¸¦¡aÁ
½
·±´²³®ﬂ§M¡
¸²³¶I®ﬂ§q´j¥¢°´M£N¼
½
´M®Ã¥
I
Ú~ÕqÖ
&J
Ü M
Ø
L
×

Ú\Ö
I
´M®³´MP¥ﬂ´¾Ç¸¡ZÁ
Ä
s
¢P¡+Á¥S¼
´M®¤®·´j¥ﬂ¸¦¢7´M¸¦µ+¹?±¢P¯Z´M¸®¢E¥£¸N´X¼êÁﬀ®±P£¦­·I¡³´M®É­¡ZËP¢P¡´q§M¸¨o¨¡Z§Mµ®o¢
´M¡¾²¥ﬂ´M¡a§M¸Ì¥ﬂ£¸¦ëZ¡W­Ç¸¡ZÁ
½
·±´´M¸¦µ¸µ%­¸µM¥ﬂ£¦£®WÁﬀ¡S­ä·¼Ã¥g´¬£¡W¥µ´ã®o¢¡
¯Z®o²³²³¡Z§M¯S¸¦¥ﬂ£ß)àª%áÁ¬¸N´M²¥ﬂ´M¡a§M¸Ì¥ﬂ£¸¦ëZ¡W­
Ç¸¡ZÁíµq±¶P¶I®§q´
½
¥ﬂ¢E­+¢P¡S¡W­Uµ
¢®´·I¡'µq±P¶¶I®§q´M¡W­É¸¢ê¨¡S¢P¡Z§j¥ﬂ£¹?®§´M¡ßlàPª¬á
´M®¹?±¢P¯Z´M¸®¢#Á¡S££
Ä
ú
¸¢P¥££N¼
½
¸¹´M¡³¶P±·P£¸µqP¸¢P¨¤Ê°±¡Z§M¸¡Sµ
¥ﬂ§M¡¡SÇ{¡S¢ç²³¸¦£¦­U£¼#¯S®²³¶P£¡Z»
½
´M¡ã¯Z®o²·¸¢P¡W­'§M¡Z¯S±§Mµq¸Ç{¡ãÊ°±P¡Z§M¸¡Sµz²¥W¼'·I¡S¯S®²³¡¬¡Z»´q§M¡S²³¡S£N¼¯S®²À
¶£¡Z»
Ä
Q
µﬃ¥ç§M¡Zµq±P£N´
½
´MP¡Z¼ì²¥S¼ì¢P®ﬂ´ﬃ·I¡¤¡¡S¯Z´M¸Ç{¡S£N¼î®o¶´M¸²³¸ëS¡W­
·°¼¥££H¶£Ì¥g´q¹?®ﬂ§M²³µãµq±¶P¶I®§q´M¸¢¨
 ﬀﬂﬁﬃ "!# 
¹?®§ã´MP¡µM¥ﬂ²³¡
§M¡S¥µq®o¢µ´ME¥g´ﬀ¢®´¥ﬂ££ß)àª%á¬¶P£¦¥g´q¹?®§M²³µz¯W¥¢¡¡Z¯Z´M¸Ç{¡S£N¼³®o¶U´M¸²³¸¦ëZ¡
¯Z®o²³¶P£¡Z»Ã¢®o¢Àw§M¡S¯Z±§Mµq¸Ç{¡¾¶±P·P£¸µqP¸¢¨³Ê°±P¡Z§M¸¡Sµ
ÑNïoïaÓ
Ä
â
¢Ã§M¡Zµq¶I®o¢Pµq¡¾´M®
´MP¸µ
½
®o±§¬µq¡Z¯S®o¢P­ﬃ¯S®¢´q§M¸·±´M¸®o¢ﬃ¸¦µ´M®'¶§M®o¶I®µq¡
¥ﬂ¢Ã¥£N´M¡Z§M¢E¥g´M¸Ç{¡,¥ﬂ¶P¶U§M®{¥¯j
½
§M¡a¹?¡Z§q§M¡W­´M®
¥µz´MP¡
èZØ×oéXÙZØÚ
 LL
ÕÜ

Ù
´M®#¸¢P¯Z§M¡Z²³¡S¢°´j¥£ÎÏIÐu¡SÇ¥£±P¥ﬂ´M¸®o¢
½
´MP¥ﬂ´§M¡SÊ±¸N§M¡Sµ£¡Sµqµµq®¶P¸¦µ´M¸NÀ
¯S¥ﬂ´M¸®o¢ ¹Ì§M®o² ´MP¡ÉßlàPª¬á
Äóú
±§q´M¡Z§
½
Áﬀ¡É­U¡SÇ{¡S£®¶ ¯S¡Z§q´j¥ﬂ¸¦¢u®¶´M¸NÀ
²³¸ëW¥g´M¸®o¢7´M¡S¯jP¢P¸¦Ê°±P¡Zµ
Á¬¸¦¯jí¯W¥¶¸N´j¥£¸ëS¡ä®o¢7´M¡´q§M¡Z¡ZÀµ´q§M±P¯Z´M±U§M¡
®ﬂ¹³©lª¬«ìÇ¸¡ZÁ¬µ
Ä Í
¡·P±P­UÀ¯S±U´ä²³¡S¯jE¥ﬂ¢P¸µq²*¶U§M®o¶E¥ﬂ¨{¥g´M¡Sµä§M¡S£¦¥ﬂÀ
´M¸®¢E¥£¯jE¥ﬂ¢P¨¡Sµ,´M®©lª%«³¸¢¤´M§M¡S¡
¶PP¥µq¡SµgO
ý
ÖaÝIÖaÕ

Ú~Û~ÜÝ
½
ÙMÜ
JaL:
ÖZé
Ú~Û~ÜÝ#¥¢P­
ý

ÕSè

ý
ÖäÙMÜ
8
ÖMÙZÚ~Û~ÜÝ
ÄÉÍ
¡#èZØP×éXÙZØÚ
ý
ÖaÝÖaÕ

Ú~ÛwÜÝ
L

ﬀI
Ö
­U¡Z´M¡Z§M²³¸¢P¡Zµ,´MP¡'¸¦²³¶P¥¯Z´¾®¹qek[®o¢#¡Z»U¸¦µ´M¸¢¨ä¶E¥g§M¡S¢°´qÀ\¯jP¸£¦­ä§M¡S£¦¥ﬂÀ
´M¸®¢Pµ+¸¢ê´MP¡'©lª%«ÃÇ¸¦¡aÁ
½
Û
ü
Ö
üþ
¸¢Pµq¡Z§q´M¸®¢Pµ
û
èZØ×
I
ß
¥¢E­ê­¡S£¡Z´M¸®¢Pµ
û
ÙZØÚ
I
ß
½
·¼¡ZÇo¥ﬂ£¦±P¥ﬂ´M¸¢P¨¥
Ë»¡S­¢±²·I¡Z§®¹H¸¢¯Z§M¡S²³¡S¢°´j¥£¸ëS¡W­ﬃáSål«
Ê°±¡Z§M¸¡Sµ
ÄÆú
®o££®WÁ¬¸¢P¨´MP¸µ
½
´M¡'èZØ×ÙMÜ
J L:
ÖaÚ~ÛwÜÝ
L

&I
Ö¸N´M¡Z§j¥ﬂ´M¸Ç{¡S£N¼
¯Z®o²³¶P±U´M¡Sµ¢¡ZÁ¬£N¼Ã¸¦¢µq¡Z§q´M¡W­µq±P·U´q§M¡S¡Sµ´M®¶À\­®WÁ¬¢·°¼³¶P±µqP¸¢P¨'áSål«
Ê°±¡Z§M¸¡Sµ´M®ê´M¡ﬃ§M¡S£¦¥ﬂ´M¸®¢E¥£%¡S¢¨o¸¢P¡
Ä ú
¸¢E¥££N¼
½
­U¡S£¡Z´M¡W­ìµq±P·´q§M¡Z¡Sµ
¥g§M¡§M¡S²³®gÇ{¡W­·¼Ã¥
ý

ÕSè

ý
ÖÙMÜ
8
ÖMÙZÚ~Û~ÜÝ³¶§M®°¯Z¡Sµqµ
Ä
Í
¡¬·P±E­À¯S±´Æ¥ﬂ¶P¶§M®o¥¯j³E¥ﬂµzµq¡SÇo¡Z§j¥£E¶U§M®o¶I¡Z§q´M¸¡Sµ
Ä
¥
ß
^î¯W¥ﬂ¢³·I¡
±¶­P¥g´M¡W­ç¸¢¶E¥g§j¥££¡S£Á¬¸N´M7®o¢¨o®¸¦¢¨É¯S®o²³¶±´j¥ﬂ´M¸®¢®¹ e^ ­±U§qÀ
¸¢¨ﬃ·±E­ä¯S®²³¶P£¡Z´M¸®o¢
½
·
ß
â
´¾²³¸¢P¸²³¸ëS¡Sµã±P¢¢P¡S¯S¡ZµqµM¥ﬂ§q¼ä§M¡S¯Z®o²³¶P±UÀ
´j¥g´M¸®o¢Pµ,ÇU¸¦¥¥¯W¥¯jP¸¢P¨µ´q§j¥g´M¡S¨¼É¢®´¾¯Z®o¢Pµq¸¦­U¡Z§M¡W­¤¸¢#¶U§M¸®§¾Á®§MÞ
¹?®ﬂ§¬²¥¸¢°´j¥¸¢P¸¢¨
§M¡S¯Z±§Mµq¸Ç{¡,Ç¸¡ZÁ¬µ
½
µq±P¯j´ME¥ﬂ´¡W¥¯j¢¡ZÁuµq±·´q§M¡S¡
¸¢ê´M¡©lª¬«ﬃÇ¸¡ZÁÂ¸¦µ¯Z®o²³¶P±U´M¡W­É¥ﬂ´
²³®oµ´¾®o¢P¯Z¡¢P®ﬃ²¥ﬂ´q´M¡Z§®WÁ
²¥¢°¼'´M¸¦²³¡Zµz¸N´®°¯S¯Z±§Mµ¸¢´MP¡¬©lª¬«+Ç¸¡ZÁ
½
¥¢P­¹?±§q´M¡Z§M²³®§M¡
½
´MP¡
¯S®²³¶P±´j¥g´M¸®o¢²¥g»U¸¦²¥ﬂ££¼§M¡Z±Pµq¡Sµµq±·´q§M¡S¡Sµ®ﬂ¹E´MP¡®o£¦­©lª¬«ãÇ¸¡ZÁ
Ä
¯
ß
â
´¸¢P¯S®ﬂ§M¶I®§j¥g´M¡Sµ¬®o¶´M¸²³¸ëW¥g´M¸¦®¢Ã´M¡Z¯a¢P¸¦Ê°±P¡Sµ´MP¥ﬂ´P¥WÇ{¡ã¶U§M®gÇ{¡W­
¡¡S¯a´M¸¦Ço¡%¸¢³©lª¬«¾¶P±·P£¸µqP¸¢P¨·±´z¥ﬂ§M¡¬¢P®ﬂ´µq±¶P¶I®ﬂ§q´M¡W­·°¼ßlàPª¬á
]
½
Ö
ü ý°ü¦þ
Ê±¡Z§q¼+²³¡Z§M¨¸¦¢¨
ÑNïoïaÓ
Ä
­
ß
	
¸¢P¯Z¡´MP¡´q§M¡Z¡¸¦µ¯S®²³¶P±U´M¡W­
£¡SÇo¡S£NÀ
·°¼À\£¡SÇo¡S£¸¦¢Ã´MP¸µ¬¶PP¥µq¡
½
¸N´¬¸¦µ¬¶I®µqµq¸¦·£¡+´M®'§M¡Z´M±§M¢ﬃ¶E¥ﬂ§q´M¸¦¥ﬂ£l§M¡Sµq±£N´Mµ
´M®³¥±µq¡Z§%¢E¥WÇ¸¦¨o¥ﬂ´M¸¢P¨´M¡,´q§M¡S¡¾Á¬¸¦£¡+¯S®²³¶P±´j¥g´M¸®o¢¸µ%®o¢¨o®o¸¢¨
½
¥¢P­¤µq±P¯jê¯S®²³¶P±U´j¥ﬂ´M¸®o¢É¯W¥ﬂ¢#¡ZÇ{¡S¢É·I¡­U¡Z¹?¡Z§q§M¡S­ê¥ﬂ¯S¯S®§j­U¸¢P¨´M®¥
  
Öaø

Ø

Ú~Û~ÜÝÉµ´q§j¥ﬂ´M¡S¨ﬂ¼
Ñ òWÓ
Ä
¡
ß
â
´
­®°¡Sµ
¢P®ﬂ´§M¡WÊ°±P¸N§M¡²¥g´M¡Z§M¸NÀ
¥£¸ëW¥g´M¸¦®¢ ®¹%´MP¡ÃÇ¸¡ZÁÔ¸¢ì´M¡ßlàPª¬á
Äìú
¸¢P¥££N¼
½
®ﬂ¹,¯S®±§Mµq¡
½
´MP¡
·P±P­UÀ¯S±U´%¥¶P¶U§M®{¥ﬂ¯aÉ­U®°¡Sµã¢®´%§M¡WÊ°±P¸N§M¡´MP¡+ßlàPª¬á¾´M®³µq±P¶¶I®§q´ã¡S¸NÀ
´MP¡a§%áSå)«ææ®ﬂ§ã¸¢¯Z§M¡S²³¡S¢°´j¥£Ç¸¡ZÁC±P¶­¥ﬂ´M¡Sµ
Ä
¡,E¥WÇ{¡¸²³¶P£¡S²³¡S¢°´M¡W­³´MP¡,·P±E­À¯S±´%¥ﬂ¶P¶§M®o¥¯j
Ä
¡±µq¡¾´MP¡
¸²³¶P£¡S²³¡S¢°´j¥g´M¸¦®¢´M®7¸¢Ç{¡Sµ´M¸¨{¥g´M¡É´M¡¤¸²³¶E¥¯a´®ﬂ¹%$ [&$z¥¢P­'$ e[&$
®o¢í´MP¡ﬃ¶I¡Z§q¹?®ﬂ§M²¥¢¯S¡ä®¹,¸¢P¯Z§M¡S²³¡Z¢´j¥ﬂ£±P¶­¥ﬂ´M¡
½
¥µÁ¡S££ã¥ﬂµ´MP¡
¸²³¶§M®gÇ{¡S²³¡Z¢´®·´j¥ﬂ¸¦¢¡W­®gÇ{¡Z§Æ¹?±£¦£§M¡S¯S®o²³¶±´j¥g´M¸¦®¢¹?®ﬂ§ﬀµq²¥ﬂ£¦£P±P¶À
­P¥g´M¡Sµ
ÄÉú
±U§q´MP¡Z§
½
Áﬀ¡¸¢UÇo¡Sµ´M¸¨{¥ﬂ´M¡´MP¡³¸²³¶P¥¯Z´'®o¢¶I¡a§q¹?®§M²¥ﬂ¢P¯S¡
®¹l´MP¡
I
ØèZÚ~ÕMÖMÖ+ÕqÖaØ
I
Ö®¶´M¸²³¸ëW¥ﬂ´M¸®o¢²³¡S¢°´M¸®o¢¡W­¥·I®gÇ{¡
½
¥ﬂ¢E­ËE¢P­
´ME¥g´%¸´Mµ%¸²³¶E¥ﬂ¯Z´¬¸µã¨ﬂ§M¡W¥ﬂ´M¡Sµ´ãÁ¬P¡S¢®o¢P£N¼¥¶I®§q´M¸®o¢®¹ [³¸µã¶±P·À
£¸µqP¡W­Ã¸¦¢ ^
½
¥¢P­Á¬¡S¢Ã´M¡Z§M¡,¸µ¥
²³®­¡Z§j¥g´M¡¾­U¡S¨§M¡S¡ã®¹=£¦®°¯S¥£¸N´X¼
¸¢³´MP¡¬±P¶­¥ﬂ´M¡Sµz¥¶¶I¡W¥ﬂ§M¸¢P¨+¸¢bek[
Ä)(
¢¹?®ﬂ§q´M±P¢P¥ﬂ´M¡S£N¼·±´z¢P®ﬂ´µq±U§qÀ
¶§M¸µq¸¢P¨£N¼
½
´MP¡äÕMÖq×ØÙZÚ~ÛwÜﬂÝç¥ﬂ¶P¶U§M®{¥¯j7¸µ'±¢§M¡W¥ﬂ£¸¦ëS¥·P£¡Ãµq¸¢P¯S¡¯S±U§qÀ
§M¡S¢°´¯S®²³²³¡Z§M¯S¸¦¥£E§M¡Z£Ì¥g´M¸®o¢E¥ﬂ£=µ¼Uµ´M¡S²³µ­U®'¢®´¸²³¶£¦¡Z²³¡S¢°´ﬀ¸¢P¯Z§M¡aÀ
²³¡S¢°´j¥£±¶­P¥ﬂ´M¡,®¹§M¡S¯S±U§Mµq¸Ç{¡Ê°±P¡Z§M¸¡Sµ
Ä
Í
P¡ä¥£¨o®ﬂ§M¸´M²³µ¥¢P­í´M¡·P±P­UÀ¯S±U´²³¡S¯jE¥ﬂ¢P¸µq² ¯W¥ﬂ¢·I¡ﬃ¡Z»À
´M¡S¢P­¡W­´M®¥ﬂ¯S¯S®²³²³®­P¥ﬂ´M¡%²±£N´M¸¦¶£¡,­¥ﬂ´j¥'µq®±§M¯S¡Zµ
½
Û
ü
Ö
ü¦þ
¹?®§¬©lª¬«
¸¢°´M¡S¨§j¥g´M¸¦®¢äµ´M±E­U¸¡W­ﬃ·°¼
Ñ *ﬂÓ
½
Á¬¸¦¯j¸µ%¥¨¡S¢P¡Z§j¥ﬂ£¸¦ëS¥ﬂ´M¸®o¢É®¹HÎUÏEÐ
]
·°¼µq±P¶¶I®§q´M¸¢P¨ã²±£´M¸NÀµq®o±U§M¯S¡záSå)«ãÊ°±P¡Z§M¸¡Sµ¥ﬂ¢E­©lª%«¬¯S®¢Pµ´q§j¥¸¢°´Mµ
Ä
Í
P¡a¼ä¯W¥ﬂ¢É¥£µq®·I¡
±µq¡W­¹?®ﬂ§¾¸¢P¯a§M¡S²³¡S¢°´j¥£)²¥¸¢°´M¡S¢E¥ﬂ¢P¯S¡®ﬂ¹z©lª¬«
Ç¸¡ZÁ¬µ¬¨o¡S¢¡Z§j¥ﬂ´M¡W­ä·°¼®ﬂ´MP¡Z§%µ¼Uµ´M¡S²³µ
½
µq±P¯j¤¥µ
ÑNïoï
½Ið
Ó
Ä
+
s
7EFEGH<-,{F EW<ÌDIG/.
	
¡S¯a´M¸¦®¢
ô
§M¡SÇ¸¦¡aÁ¬µÎÏIÐ
]
Ä0	
¡Z¯Z´M¸®o¢
*
­¡Sµq¯a§M¸¦·I¡Zµ
­P¥g´j¥Ãµ´q§M±¯Z´M±§M¡Zµ,¹?®ﬂ§¡Z»´M¡Z§M¢E¥ﬂ£©lª%«Ç¸¡ZÁ¬µ
Ä1	
¡S¯a´M¸¦®¢
Ò
¶§M®gÇ¸¦­¡Sµ
´MP¡Æ§M¡W­±¯Z´M¸®o¢'¥¶¶§M®{¥ﬂ¯a
½
¹A®o££®WÁﬀ¡W­·°¼´M¡·P±P­UÀ¯S±U´H¥ﬂ¶P¶§M®o¥¯j¸¢
	
¡Z¯Z´
Ä
õ
Ä2	
¡Z¯Z´M¸®o¢
ñ
¶§M¡Zµq¡S¢°´Mµ¾¡Z»U¶I¡Z§M¸²³¡S¢°´j¥£=§M¡Zµq±P£N´Mµ
Ä2	
¡S¯Z´M¸®¢
ò
¥o­­U§M¡Sµqµq¡Zµ%§M¡S£¦¥g´M¡W­ﬃÁﬀ®ﬂ§MÞ¥ﬂ¢E­
	
¡S¯Z´
ÄPð
¯S®¢P¯S£±P­¡Sµ´MP¡,¶E¥¶I¡a§
Ä
2. Background
â
¢´M¸¦µ=µq¡S¯Z´M¸®o¢
Áﬀ¡Ë§Mµ´¸¢´q§M®­U±P¯S¡¥¬§M±¢P¢¸¦¢¨ã©lª¬«¬¶P±P·£¸¦µq¸¢P¨
¡Z»¥²³¶£¡%±µq¡W­¸¢´MP¡§M¡Sµ´z®¹l´MP¡¶P¥¶I¡Z§
Ä
ç¡¬´M¡S¢§M¡SÇ¸¡ZÁ ßlÏIß
]
¥¢P­ﬃ¶U§M¡Sµq¡S¢°´ã¥'§M¡ZËE¢¡S²³¡S¢°´®ﬂ¹ÎÏIÐ
]
¥µã­¡ZËP¢P¡W­·°¼
Ñ ÒﬂÓ
Ä
354lF:C#@>A768. ;>=9
®o¢Pµq¸¦­U¡Z§¬¥
 :"!ﬀﬂ;<
­P¥ﬂ´j¥ﬂ·E¥ﬂµq¡,µq¶I¡S¯S¸NËP¡W­³·¼
´MP¡ã§M¡S£¦¥ﬂ´M¸®o¢P¥£Hµq¯jP¡S²¥kU
=
·I¡S£®WÁ
û
Á¬¸´MÞ{¡Z¼Uµ±P¢P­¡Z§M£¸¢P¡W­
ß
O
iS_agehZf">qijc_ ?+{MﬂmSf@?'gfZŁgﬀAﬂ? Łgeﬂ_BWfﬂia>qijc_ ?{MﬂmSf@?
gfZŁgﬀA
haSggfZcg>qhWhjc ?cﬂbMp{fAﬂ? fZcgeﬂ_WmWmﬂ>qhWhjc&?Ãijc_ Aﬂ?
ŁgegfSegfC>qijc_<Dﬂ?Ãijc_E AUk
Í
P¡%­¥ﬂ´j¥·P¥µq¡¬²¥¸¢°´j¥¸¢µ
!ﬃ F <Gﬀ
­¥ﬂ´j¥
½
<G ﬂHIﬀI
²³¡S¢°´Æ§M¡S¯S®§j­Uµ
½
¯S®±§Mµq¡ê­P¥ﬂ´j¥¯Z£Ì¥ﬂµqµq¸NËE¡W­u¸¢°´M®§M¡S¨o±£Ì¥g§
ﬁ<Hﬃ "!<
µ¤¥¢P­KJ
ﬂHﬀL<ﬂﬁ
µ
½
¥¢P­'¥§M¡S£¦¥ﬂ´M¸®¢1J
 < M
½
Á¬P¸¯a
¨o¸Ç{¡ZµH´MP¡¶U§M¡Z§M¡WÊ°±P¸µq¸N´M¡¸¡Z§j¥ §M¯j°¼
®¹¯Z®o±§Mµq¡Zµ%Á¬¡Z§M¡
¥ ´M±P¶P£¡ON
ﬁﬂPRQOﬁS"T
¸¢7J
ﬀ M
¸¢E­¸¯W¥g´M¡Sµ¬´ME¥ﬂ´
ﬁS
¸µ%¥¶§M¡a§M¡WÊ°±P¸µq¸N´M¡®¹
ﬁ"P
Ä
Í
P¡
®¿¯S¡®ﬂ¹z§M¡S¨¸µ´q§j¥ﬂ§+²¥¸¢°´j¥¸¢µ¾¥¢É©lª¬«ÃÇ¸¡ZÁ¹?®§´M¡
ﬁ 	
­¡Z¶E¥ﬂ§q´M²³¡Z¢´
½
Á¬P¸¯aÃ¯S®¢´j¥ﬂ¸¢Pµ¬­P¥g´j¥
®ﬂ¹
ﬁ 	
¯Z®o±§Mµq¡Zµﬀ§M¡S¨o¸µ´q§j¥ﬂ´M¸®¢
½
¡Z»´q§j¥¯a´M¡W­î¹A§M®²1´M¡
 :"!ﬀﬂ;<
­P¥g´j¥·P¥µq¡
Ä Í
¡ÉÇU¸¡ZÁ5¸µÃ§M¡aÀ
Ê°±P¸N§M¡W­ç´M®É¯S®¢¹?®ﬂ§M² ´M®¤´M¡ﬃßÏIßﬂX
=
·I¡S£®WÁ
û
´M¡Ã­¡ZËP¢P¸N´M¸®o¢í®¹
¡S£¡S²³¡S¢°´MµﬀÁ¬®oµq¡´X¼U¶I¡¾¸µ

ﬁ

ﬃVU:ﬃ
¸¦µ¬®²³¸´q´M¡S­
ß
O
WRXZY[Y\Y]^
S^ >qiS_agehZf
v
A_
WRXZY[Y\Y]^
iS_agehZf`>qijc_?+{MﬂmSf@?
aSŁﬂf@?
ŁgegfSegfCR?
gbZﬂfZcbaﬀA_
WRXZY[Y\Y]^
aSŁﬂf >\egfSSmSbSedc,Łgeﬂ_BWfﬂiaﬀA_
WRXZY[Y\Y]^
ŁgegfSegfCe>qiS_agehZf
v
A_
WRXZY[Y\Y]^
gbZﬂfZcbaf>qhaSggfZcg
v
A_
   
 
cno prereq
db
course coursecourse
title
course course
takenBytype
project studentstudent student
ssn name
¬<87:9=sg 6F=
	 G)<A
WRXZY[Y\Y]^
haSggfZcg >qhWhjc&?
cﬂbMp{fA_
WRXZY[Y\Y]^
egfSSmSbSe >XfMpŁgaﬀA_ #hﬂ\pamSbSeﬂmaçﬂ_Ze¤Łgeﬂ_BWfﬂia
Q
¢©lª¬«êÇ¸¡ZÁ ¯S®o¢U¹?®ﬂ§M²³¸¦¢¨ê´M®<X
=
¸µﬃ­U¡S¶P¸¯Z´M¡S­î¸¢
ú
¸¨
Ä
ô
Ä â
´
¯Z®o¢Pµq¸µ´Mµ+®¹ﬀ¥ﬃµq¡WÊ°±¡S¢P¯S¡'®¹
ﬁHﬃ "!
¡S£¡S²³¡S¢°´Mµ
½
Á¬P¸¯aÉ§M¡S¶U§M¡Sµq¡S¢°´
¥ﬂ££,´MP¡
ﬁ 	
¯S®±§Mµq¡Sµ¥¢E­î¶§M®

¡S¯Z´Mµ
Ä c
¥ﬂ¯a
ﬁHﬃ "!<
E¥ﬂµﬃ¥
ﬁG"H
û
¯Z®o±§Mµq¡ã¢±P²·I¡a§
ß
½
¥¯S®o±U§Mµq¡
"ﬂI
½
¥

J

¸¢E­¸¯W¥g´M¸¢P¨+Á¬P¡Z´M¡Z§
¸N´¸¦µ¥¯S®o±U§Mµq¡ã®ﬂ§ﬀ¶§M®

¡Z¯Z´
½
¥+¶U§M¡Z§M¡WÊ°±P¸µq¸N´M¡%P¸¡Z§j¥ﬂ§M¯j°¼
½
¥ﬂ¢E­¥££P´M¡
µ´M±P­¡S¢°´MµﬀÁ¬®E¥WÇ{¡,§M¡Z¨o¸µ´M¡Z§M¡W­¹A®§%´MP¡¾¯S®±§Mµq¡
Ä
Í
¡§M¡S¨¸¦µ´q§j¥g§­¥ﬂ´j¥ﬂ·E¥µq¡¸¦µ+±¶­P¥ﬂ´M¡S­#¯S®¢Pµ´j¥ﬂ¢´M£N¼
ÄKc
»¥²³¶£¡Sµ
®ﬂ¹
û
¨§M®±P¶
ß
±¶­P¥ﬂ´M¡Zµ
ÑNïZÒÓ
¸¢P¯Z£¦±P­¡O
û
ïWß
¸¢µq¡Z§q´M¸®o¢7®¹%¥ﬃ¢P¡ZÁ
ﬁ 	
¯Z®o±§Mµq¡Ã´M®#´M¡
ﬁ<Hﬃ "!<
§M¡S£¦¥ﬂ´M¸®o¢
½
¥£®¢P¨ÉÁ¬¸´Mì¸¢Pµq¡Z§q´M¸®¢Pµ®ﬂ¹,¸N´Mµ
¶U§M¡Z§M¡WÊ°±P¸µq¸N´M¡Sµ´M® J
 ﬀM
¥¢E­¸¢µq¡Z§q´M¸®o¢Pµ´M®
<GﬀﬂHﬀIﬀI
¹?®ﬂ§z´M¡µ´M±À
­U¡S¢°´MµãÁ¬®ÃP¥WÇ{¡'¡Z¢§M®o££¡W­¤¸¢¤´MP¡
¯S®o±U§Mµq¡
½
û
ôoß
­¡S£¡Z´M¸®o¢#®¹z¥
ﬁ 	
¯Z®o±§Mµq¡
¹A§M®² ´MP¡
ﬁHﬃ ﬂ!<
§M¡S£¦¥ﬂ´M¸®¢
½
¥£®o¢¨ﬃÁ¬¸N´Mê­¡S£¡Z´M¸®o¢µ,¹A§M®²
J
  M
¥¢E­
<G  HﬀIﬀI
¥ﬂ¯S¯S®§j­U¸¢P¨o£N¼
½
¥¢P­
û
*oß
±¶­P¥ﬂ´M¡ZµH®¹U´MP¡z¢E¥²³¡
ËP¡S£¦­µ¬®¹Hµq®o²³¡
!ﬃﬀF <G 
´M±P¶£¡Sµ
Ä
Q
µﬀÁ¬¸£¦£)·I¡¾µq¡S¡S¢ µqP®ﬂ§q´M£¼´M¡¾©lª%«
Ç¸¦¡aÁ¯S¥¢·I¡¾­¡ZËP¢P¡W­Á¬¸´M
¥ﬂ¢êÎÏIÐ7´ME¥g´¾¨±E¥ﬂ§j¥ﬂ¢°´M¡S¡Sµ¾´MP¡
Ç¸¡ZÁ´M®Ã¯S®o¢U¹?®§M²5´M®mX
=
Ä+â
¢P¯a§M¡ZÀ
²³¡Z¢´j¥ﬂ£=¡SÇ¥£±P¥ﬂ´M¸®o¢#®¹´MP¡
ÎÏIÐ7¸µã´M®±P¶­¥ﬂ´M¡+´MP¡+²¥ﬂ´M¡Z§M¸¦¥ﬂ£¦¸ëS¡S­
©lª¬«³Ç¸¦¡aÁ¸¢ä§M¡Sµq¶I®o¢µq¡'´M®³±¶­P¥ﬂ´M¡Zµã´M®´MP¡+§M¡S¨¸¦µ´q§j¥g§+­P¥g´j¥·P¥µq¡
Ä
n
®´M¡,´MP¥ﬂ´¬µq¸¢P¯Z¡¾´MP¡¾ÎÏIÐ#¸¦µ¬­U¡ZËE¢¡W­®o¢¤¥+§M¡S¯S±§Mµq¸Ç{¡¾ßlÏIß
½
§M¡S£¦¥ﬂÀ
´M¸®¢E¥£P±P¶­P¥g´M¡SµÆ²¥W¼
¯W¥ﬂ±Pµq¡¬¸¢Pµq¡Z§q´M¸®¢Pµ
½
­¡Z£¦¡a´M¸¦®¢Pµ¥¢E­'µ´q§M±P¯Z´M±U§M¡
¯jE¥ﬂ¢P¨¡Sµ¥ﬂ´¥ﬂ¢¥g§M·P¸N´q§j¥ﬂ§q¼
­U¡S¶´M+®ﬂ¹´M¡©lª¬«%Ç¸¡ZÁ
½
Á¬P¸¯a
¯W¥ﬂ¢P¢P®ﬂ´
·I¡+­U¡S¯S¸¦­¡S­¥ﬂ´%¯S®²³¶P¸£¡¾´M¸²³¡
Ä 
6&. ; ﬀ
 ¸´M®o±U´£®oµqµ®¹%¨o¡S¢¡Z§j¥£¸N´X¼
½
Á¡Ã¹A®§M²¥£¸ëS¡¥#ßÏIßﬂX ´M®É·I¡
ûﬂﬁﬃ! "ﬃ!#
ß
½
Á¬P¡Z§M¡
ﬁ
¸µã¥+ËE¢¸´M¡µq¡a´¬®¹ãÖ

Ö
J
ÖaÝÚÚ
L
Ö
I
P
#
¸µ¬¸¢
ﬁ
¥ﬂ¢E­¸µ¬¯W¥ﬂ£¦£¡W­´M¡ÕqÜWÜﬂÚﬀÚ
 L
Ö P
 
­¡ZËP¢P¡Sµﬀ´M¡¡S£¡S²³¡S¢°´´X¼U¶I¡SµgO¹A®§
¡S¥¯j%$¸¢
ﬁ
½
 û
$
ß
¸µ%¥'§M¡S¨±P£¦¥ﬂ§ã¡Z»U¶§M¡Sµqµq¸®¢ä®¹´M¡,¹?®ﬂ§M² O
&
O O
`
!ﬀ
$
'
$)(
*
ﬃ

ﬃ
(
+
$,(
*)-

-
(
+
$,(
v
Á¬¡Z§M¡
'
¸µ´MP¡¡Z²³¶´X¼³Á®§j­
½
(Â¸¦µã¥'´\¼¶I¡,¸¦¢
ﬁ û
§M¡Z¹A¡Z§q§M¡W­ﬃ´M®¥µ
¥íÙÛ

×ÉÚ
L
Öﬃ®¹.$
ß
½
¥¢E­0/
-21
½
/
ﬃ
1
¥¢E­0/
3
1
­¡S¢®´M¡Ã­¸µ

±P¢P¯a´M¸¦®¢
½
¯Z®o¢P¯S¥ﬂ´M¡S¢P¥ﬂ´M¸®o¢¤¥ﬂ¢E­´MP¡54£¡S¡S¢¡¾µ´j¥ﬂ§
½
§M¡Sµq¶I¡S¯a´M¸¦Ço¡S£N¼
û
Á¡¾±Pµq¡/
-21
¸¢µ´M¡W¥o­®ﬂ¹6/ $
1
´M®³¥WÇ{®o¸¦­¯Z®o¢¹A±Pµq¸®o¢
ß
Ä
ç¡,§M¡Z¹A¡Z§ã´M®$ V
 û
$
ß
¥µ
´M¡
L
ÕÜW×ØÙZÚ~ÛwÜÝí®¹"$
Ä
Q
ßÏIß7¸µÕMÖqÙZØÕ
I
Û?øÖ³¸N´+E¥ﬂµ+¥¢ç¡Z£¦¡Z²³¡S¢°´
´\¼U¶I¡ﬀ´ME¥ﬂ´z¸µ­U¡ZËE¢¡W­
û
­U¸§M¡Z¯Z´M£N¼®§z¸¢E­U¸§M¡Z¯Z´M£N¼
ß
¸¢´M¡Z§M²³µ®¹l¸N´Mµq¡S£N¹
Ä
â
´P¥µz·I¡S¡S¢³µqP®WÁ¬¢¸¢
Ñ ÒÓ
´ME¥g´ﬀ¥ﬂ££IßlÏEß
]
¯W¥ﬂ¢³·I¡ã¯Z®o¢Ç{¡Z§q´M¡W­´M®
´M¸µ+¹A®§M² ¸¢£¸¢P¡W¥g§'´M¸²³¡·°¼#¸¢´q§M®­U±P¯S¸¢¨ä¢P¡ZÁÂ¡S£¡S²³¡Z¢´´\¼U¶I¡Sµ
¥ﬂ¢E­³¶I¡Z§q¹A®§M²³¸¢P¨'¥
µq¸²³¶£¦¡%¶I®oµ´qÀ¶U§M®°¯S¡Sµqµq¸¢P¨'µ´M¡S¶³´M®
§M¡S²³®gÇ{¡´M¡
¸¢°´q§M®­±¯S¡W­É¡S£¡S²³¡S¢°´Mµ
ÄÍ
®µq¸²³¶P£¸N¹A¼¤´M¡­U¸¦µq¯Z±Pµqµq¸®o¢çÁ¡­U®¢P®ﬂ´
¯Z®o¢Pµq¸¦­U¡Z§,©lª¬«¥g´q´q§M¸·P±´M¡Zµ
½
Á¬¸¦¯jä¯W¥ﬂ¢ä·I¡¾¡W¥ﬂµq¸£¼¸¢P¯S®ﬂ§M¶I®§j¥ﬂ´M¡S­
Ä
Q
¢ê©lª¬«Ã­®°¯S±²³¡S¢°´
û
´q§M¡S¡
ß
^ ÙMÜÝgMSÜÕ
JI
ÚÜä¥ßÏIß X
½
¸N¹
û
ïWß
´M¡Z§M¡¸µ¥%±P¢P¸¦Ê°±P¡Æ¢P®­U¡
½
´MP¡¬ÕqÜWÜÚ
½
¸¢^£Ì¥ﬂ·I¡S£¡W­
Á¬¸N´M
#
P
û
ôoß
¡W¥ﬂ¯a
¢®­¡
¸¢ ^¸µã£¦¥ﬂ·I¡S£¡W­#¡Z¸´M¡Z§%Á¬¸´M#¥´\¼¶I¡$87
ﬁ
½
¯W¥££¡W­É¥¢9$
Ö

Ö
J
ÖaÝPÚ
½
®§ﬀÁ¬¸N´M
!ﬀ
½
¯W¥ﬂ££¦¡S­ﬃ¥Ú\Ö ÚÆÝIÜW×°ÖP
û
*{ß
¡W¥¯j
$ ¡Z£¦¡Z²³¡S¢°´
P¥µ+¥Ã£¦¸µ´+®ﬂ¹¯a¸£Ì­§M¡S¢#®¹ﬀ¡Z£¦¡Z²³¡S¢°´Mµ¥¢P­É´M¡Z»´¢®­¡Sµµq±¯aÉ´ME¥g´
´M¡Z¼¥ﬂ§M¡¬®§j­U¡Z§M¡W­³¥¢P­'´MP¡Z¸§z£¦¥·I¡S£µ¥ﬂ§M¡¬¸¢´MP¡ﬀ§M¡S¨±P£¦¥ﬂ§z£¦¥¢P¨±E¥ﬂ¨o¡
­U¡ZËE¢¡W­î·°¼
 û
$
ß
Pã¥ﬂ¢E­
û
Ò{ß
¡W¥¯j´M¡Z»´¢P®­U¡ä¯W¥g§q§M¸¦¡Zµ¥çµ´q§M¸¢¨
Ç¥£±¡
û
!ﬀ
ß
¥¢P­ﬃ¸µ%¥£¡W¥ﬂ¹®ﬂ¹´MP¡,´q§M¡Z¡
Ä
6&.-6 :;=<>ﬀ
Í
P¡³¸¦­U¡W¥ä®¹ã¥ﬂ´q´q§M¸·±´M¡´q§j¥¢µq£¦¥ﬂ´M¸®o¢í¨§j¥ﬂ²³²¥ﬂ§Mµ
û
ÎÏIÐ
]qß
¸µ
´M®
´q§M¡W¥g´z´M¡¬ßlÏIßﬃ¥µz¥¾¨§j¥ﬂ²³²¥ﬂ§Æ¥¢P­§M¡S¯S±U§Mµq¸¦Ço¡S£N¼'Ë§M¡¶§M®­±¯Z´M¸®o¢µ
¹A§M®² ´MP¡ä¨ﬂ§j¥²³²¥g§³´M®ç¯Z§M¡W¥g´M¡É¥¢ ©lª¬«ç­U®°¯S±P²³¡Z¢´
Ä
¡ä¢®WÁ
·§M¸¡@?¼§M¡SÇ¸¦¡aÁC´M¡µ¼U¢´j¥g»Ã¥¢P­µq¡S²¥¢°´M¸¯Sµ®ﬂ¹ÎUÏEÐ
]
û
µq¡Z¡
Ñ ÒﬂÓAß
Ä
Q
¢ﬃÎÏIÐ S OU V XÔµq¶I¡S¯S¸NËE¡Zµ,¥²¥ﬂ¶P¶¸¦¢¨'¹Ì§M®o² ¸¢Pµ´j¥¢¯S¡Sµ%®¹
´MP¡'µq®o±U§M¯S¡§M¡S£¦¥ﬂ´M¸®¢E¥£Æµq¯jP¡S²¥\UÂ´M®­®°¯S±²³¡S¢°´Mµ,®¹z´MP¡
´j¥ﬂ§M¨o¡a´
ßÏIß X¥µH¹A®o££®gÁ¬µ
Ä
¥
ß
ú
®§H¡W¥¯j'¡Z£¦¡Z²³¡S¢°´=´X¼U¶I¡A$ì®ﬂ¹>X
½
SÃ­¡ZËP¢P¡Sµ
¥Éµq¡S²¥¢°´M¸¯¥g´q´q§M¸·P±´M¡
6
$"Á¬®oµq¡Ç¥£±¡ﬃ¸µ³¥¤µq¸¢P¨£¦¡ﬃ§M¡S£¦¥ﬂ´M¸®o¢P¥£
´M±P¶£¡'®ﬂ¹¥³ËP»U¡W­É¥ﬂ§M¸N´X¼#¥ﬂ¢E­ä´X¼U¶I¡Pl¸¢°´M±P¸N´M¸Ç{¡S£N¼
½
6
$ ¯S®¢°´q§M®o£µ¾´MP¡
¨o¡Z¢P¡Z§j¥g´M¸¦®¢'®ﬂ¹B$¡Z£¦¡Z²³¡S¢°´Mµ=¸¢¾´MP¡Æ©lª%«Ç¸¡ZÁ
½
¥¢P­+¸µ)±Pµq¡W­¾´M®¬¶E¥ﬂµqµ
­P¥g´j¥­U®gÁ¬¢°Áﬀ¥ﬂ§j­ç¥ﬂµ´MP¡³­U®°¯S±P²³¡S¢°´,¸¦µ¶U§M®­±¯S¡W­
Ä
·
ß
ú
®§+¡W¥ﬂ¯a
¶§M®­U±P¯Z´M¸®¢
C
`
$ V
&
¸¢<X
½
Sîµq¶I¡Z¯S¸NËE¡Sµ
¥ﬃµq¡a´'®ﬂ¹µq¡S²¥ﬂ¢´M¸¯
§M±P£¡Sµ
½
ÕjØ

Ö
û
C
ß
ÄÍ
P¡Zµq¡ã§M±P£¡Sµzµq¶I¡S¯S¸N¹A¼´MP¡%¯S®o²³¶±´j¥ﬂ´M¸®¢³®¹´MP¡.(
¯jP¸£¦­U§M¡S¢ä®ﬂ¹¥¢D$¡S£¡S²³¡S¢°´¹A®§%¡W¥¯j´\¼¶I¡5(Â¸¢
&
Ä
R
¸Ç{¡S¢³¥­¥ﬂ´j¥ﬂ·E¥µq¡ [+®¹ U
½
´MP¡ÎÏIÐmS¸¦µÆ¡SÇ¥£±E¥g´M¡W­'´M®¶À\­®WÁ¬¢
µ´j¥ﬂ§q´M¸¢¨É¥ﬂ´+´MP¡§M®°®ﬂ´
#
®¹ X
Ä
Q
¶P¥ﬂ§q´M¸¦¥£Æ´q§M¡S¡K^¸¦µ+¸¢P¸N´M¸¦¥£¸ëS¡W­
Á¬¸N´M7¥µq¸¢P¨£¡Ã¢®­¡³®ﬂ¹´X¼U¶I¡
#
½
¥¢P­#´M¸¦µ+¢®­¡³¸µ+²¥ﬂ§MÞ{¡W­íØÝEé
Ö 
Lp
ÝE×°Öq×ﬀPHÁﬀ¡
§M¡Z¹?¡a§¾´M®ﬃ±¢P¡Z»U¶P¥¢E­U¡W­ä¢P®­U¡Sµ¥ﬂµèZØP×
I
Ä
Í
¡'´q§M¡S¡
^"¸µ
´MP¡S¢7¨ﬂ§M®gÁ¬¢ì·°¼ê§M¡Z¶I¡W¥ﬂ´M¡W­U£N¼7µq¡S£¡S¯Z´M¸¢P¨ê¥¤·P±P­E
û
®¹%µq®o²³¡
¡S£¡S²³¡S¢°´'´X¼U¶I¡$
ß
½
¡SÇo¥ﬂ£±E¥ﬂ´M¸¢¨#´M¡ﬃµq¡S²¥ﬂ¢°´M¸¦¯Ã§M±P£¡Sµ³¥ﬂµqµq®°¯S¸¦¥ﬂ´M¡W­
Á¬¸N´MF$
½
¥¢E­#²¥ﬂ§MÞ¸¢P¨DEäÖ 
Lp
ÝI×{ÖM×
Ä 	
¶I¡S¯Z¸ËP¯W¥££N¼
½
Á¡ËE¢E­É´MP¡
¶§M®­U±P¯Z´M¸®¢
C
`
$TV
&
¸¢ X
½
¥¢E­#¨o¡S¢¡Z§j¥ﬂ´M¡'´MP¡¯jP¸£¦­U§M¡S¢ê®¹
E¾·°¼¡SÇ¥£±E¥g´M¸¢P¨äÕjØ

Ö
û
C
ß
¥ﬂ¢E­Ã±Pµq¸¢P¨´M¡¾Ç¥£±P¡®ﬂ¹H´MP¡+¥g´q´q§M¸¦·±´M¡
6
$®ﬂ¹6E
Ä%Í
P¡+§M±P£¡Sµ
ÕaØ

Ö
û
C
ß
¥ﬂ§M¡'­¡ZËP¢P¡W­ä¥ﬂ¢E­ä¡SÇ¥£±P¥ﬂ´M¡W­ä·P¥µq¡W­
®o¢ﬃ´MP¡,¹A®§M² ®¹
&
¥ﬂµ¹?®o££®WÁ¬µgO
û
ïgß
â
¹
&
¸µ.(
*
ﬃ

ﬃ
(
+
½
´MP¡S¢¤¥¢®­¡¾´j¥ﬂ¨o¨o¡S­%(
G
¸µ%¯Z§M¡W¥g´M¡W­¹?®ﬂ§
¡W¥ﬂ¯aFH7
ÑNï
ﬃJI
Ó
¥ﬂµ¥ä¯jP¸£¦­®¹KE
ÄÉÍ
¡³´M±P¶P£¡Ç¥£±P¡®¹
6
(
G
¥ﬂµÀ
µq®°¯S¸¦¥ﬂ´M¡S­¤Á¬¸N´Mä´M¡
¢¡ZÁL(
G
¯jP¸£¦­ä¸µ,­U¡Z´M¡Z§M²³¸¢P¡S­ﬃ·°¼¶U§M®

¡S¯Z´M¸®o¢
¹A§M®²
6
$
ÄÆÍ
E¥g´ﬀ¸µ
½
6
(
G
`
û
6
$
 M
*
G
ﬃ

ﬃ
6
$
 MON
G
ß
¸µﬀ¸¢¤ÕjØ

Ö
û
C
ß
¹?®ﬂ§
HA7
ÑNï
ﬃPI
Ó
½
Á¬¡Z§M¡
MRQ
G
¸µ%¥'ËE¡S£¦­Ã®¹´MP¡ã´M±P¶P£¡
6
$
Ä
û
ôoß
â
¹
&
¸µS(
*T-

-
(
+
´M¡S¢êÕjØ

Ö
û
C
ß
¸¦µ%­U¡ZËE¢¡W­ﬃ·°¼
N
6
(
*
Q
6
(
U
QWV,VVQ
6
(
+
TYX
ﬁ;ﬀ!<[Z
N
6
$
T H\Z
P]
N
6
$
Q Gﬀﬃ"IﬀI QVVVQ Gﬃ"IﬀIT
V,VV
G^]
N
Gﬀﬃ"IﬀI Q_V,VVQ GﬀﬃﬂIﬀI)Q
6
$
T
Á¬P¡a§M¡Y` ¸¦µä¥7¹A±P¢¯Z´M¸®o¢u´ME¥g´²¥ﬂ¶Pµ
6
$º´M®í¢E¥ﬂ´M±U§j¥£¾¢±²·I¡Z§Mµ
¸¢
ÑNï
ﬃPI
Ó
ÄäÍ
P¥ﬂ´'¸µ
½
·E¥ﬂµq¡W­®o¢ç´M¡¯S®¢E­¸N´M¸®o¢P¥£´M¡Zµ´
½
¥ä¢P®­U¡³¸µ
¯Z§M¡W¥g´M¡W­ê¹A®§'¡Z»¥¯Z´M£N¼#®o¢¡³¯a¸¦£¦­
½
(
G
ÄﬃÍ
P¡³Ç¥£±P¡®¹´MP¡¶E¥ﬂ§M¡Z¢´
¥ﬂ´q´q§M¸·±´M¡
6
$¸¦µ
¶E¥ﬂµqµq¡W­7­®WÁ¬¢ç´M®ﬃ´ME¥ﬂ´
¯jP¸£¦­
Äbn
®%(
Q
¯jP¸£¦­ç¸µ
¯Z§M¡W¥g´M¡W­³¸N¹aHKb
`dc
½
¥¢E­
6
(
Q
û
´M¡%µq¶I¡Z¯S¸¦¥£IÇ¥£±P¡
Gﬀﬃ"II
ß
¸µ¸¨o¢®§M¡W­
Ä
¡¥ﬂµqµq±P²³¡´MP¥ﬂ´+´MP¡¹A±P¢¯Z´M¸®o¢d`¸µ+µq¸¦²³¶£¡³¡S¢P®±P¨oê´M®¤­¡Z´M¡a§qÀ
²³¸¢P¡,Á¬¡Z´MP¡a§¬¸´%¸µ¬¸¢´MP¡,§j¥ﬂ¢P¨¡
ÑNï
ﬃJI
Ó
Ä
û
*{ß
â
¹
&
¸¦µe(
v
½
´M¡S¢ÕaØ

Ö
û
C
ß
¸µ­U¡ZËE¢¡W­
·°¼
6
(8fhg
û
6
$
ß
½
Á¬P¡Z§M¡
g¸µ%¥¢ﬃáSå)«Ê±¡Z§q¼®gÇ{¡Z§¬¥'­P¥g´j¥·E¥ﬂµq¡®¹BU
½
¥¢E­¸N´´q§M¡W¥ﬂ´Mµ
6
$ó¥ﬂµ
¥¯S®¢Pµ´j¥ﬂ¢´¬¶P¥ﬂ§j¥ﬂ²³¡Z´M¡Z§
ÄÆú
®ﬂ§¬¡W¥¯j×Û
I
Ú~ÛAÝIÙZÚl´M±P¶P£¡Ki§M¡Z´M±U§M¢P¡W­Ã·¼
g
û
6
$
ß
½
¥=(Â¯jP¸£¦­ﬃ¸µ¬¨o¡S¢¡Z§j¥ﬂ´M¡S­
½
¯W¥ﬂ§q§q¼U¸¢P¨i¥µ´M¡¾Ço¥ﬂ£±P¡¾®ﬂ¹¸N´Mµ
6
( ¥g´q´q§M¸·P±´M¡
ÄÍ
®+P¡S£¶¡S¢µq±§M¡´ME¥g´ﬀ®o¢£N¼ËE¢¸N´M¡,­U®°¯S±P²³¡S¢°´MµÆ¥ﬂ§M¡
¯Z§M¡W¥g´M¡W­
½
®o¢P£N¼'§M¡Z¹?¡Z§M¡Z¢P¯S¡SµÆ´M®+¥ﬂ´q´q§M¸·P±U´M¡SµÆ¥¢P­¯S®o¢µ´j¥¢°´Mµ
½
·P±U´Æ¢P®´
¡Z»U¶§M¡Zµqµq¸¦®¢Pµ
½
¥ﬂ§M¡+¥££®WÁﬀ¡W­ä¸¢´M¡¾µq¡S£¡S¯Z´qÀ£¸µ´,®ﬂ¹eg
Ä
û
Ò°ß
â
¹
&
¸µ
!ﬀ
½
´MP¡Z¢Ã´M¡,§M±P£¡¾µq¶I¡S¯Z¸ËP¡Sµ¹?®ﬂ§M²¥ﬂ´q´M¸¢P¨'®¹H´M¡¾Ço¥ﬂ£NÀ
±P¡Zµﬀ®¹
6
(¹?®ﬂ§¶§M¡Sµq¡Z¢´j¥g´M¸®o¢
û
µ´q§M¸¦¢¨_j

ﬁ

ﬃ8U:ﬃß
Ä	
±P¯j§M±£¡Sµ¥ﬂ§M¡
¢P®ﬂ´%µqP®WÁ¬¢ä®§ã­U¸¦µq¯Z±Pµqµq¡W­ﬃ¹A±§q´M¡Z§
Ä
û
õoß
â
¹
&
¸µ
'
½
´MP¡S¢Ã¢P®
#Uû
C
ß
¸µ¬­¡aËE¢P¡S­Ã¥ﬂ¢E­³¢P®'¥¯a´M¸¦®¢¸µ´j¥ﬂÞ{¡S¢
Ä
Í
P¡Ö

Ö
J
ÖaÝÚI¯a¸£Ì­§M¡S¢Ã®¹l´MP¡,¢®­¡KEã·I¡Z¯S®o²³¡%¢P¡ZÁ ·P±E­Uµﬀ¥ﬂ¢E­
¥ﬂ§M¡Ã¥ﬂ£¦µq®É¶U§M®°¯S¡Sµqµq¡W­
Ä#Í
P¡¶§M®°¯S¡Zµqµ¶§M®°¯Z¡S¡W­µ
±P¢°´M¸£´MP¡¶E¥g§q´M¸Ì¥ﬂ£
´q§M¡S¡ã¯W¥¢¢P®´·I¡ã¹A±§q´MP¡a§ﬀ¡Z»U¶E¥ﬂ¢E­U¡W­
½
Û
ü
Ö
ü¦þ
¸N´ﬀE¥ﬂµﬀ¢P®+±¢P¡Z»U¶E¥ﬂ¢E­U¡W­
¢P®­U¡
ÄÆÍ
P¡¹A±P££N¼³¡Z»U¶E¥ﬂ¢E­¡S­©)ª¬«,´q§M¡S¡ã­®+¢®´z¸¦¢¯S£±E­U¡,¥g´q´q§M¸¦·±´M¡
Ç¥£±P¡Sµ
6
$
½
Á¬P¸¯a+¥g§M¡z®¢P£N¼±µq¡W­,´M®¯S®o¢°´q§M®£{´MP¡´q§M¡S¡¨o¡S¢¡Z§j¥ﬂ´M¸®¢
Ä
354lF:C#@>A 68.-6F=
Í
¡ÎÏIÐ_S
=
¨¸¦Ço¡S¢ó¸¢
ú
¸¨
Ä
*
­U¡ZËE¢¡Sµä´MP¡
©lª¬«ìÇ¸¡ZÁ ­U¡Sµq¯Z§M¸·I¡W­u¸¢
c
»¥²³¶P£¡
ô
Ä
ï
Ä È
¡Z§M¡íÕaØ

Ö
û
ﬁHﬃ ﬂ!<
ß
½
 
	
ﬀﬂﬁﬃ! 
*
 
*"
hZfgmSfﬂia {Zha{qcoia7iPkijc_?³iPk?{MﬂmSf@? DﬃbﬂhgbS
Weﬂ_qp iS_agehZfçi

`ﬂfSegf iPk?gfZŁg$#&%%(')**
Wc°a_ac
hZfgmSfﬂia {Zha{qcoia#Łlkijc_?
Łlk?{MﬂmSf@?1EÉbﬂhgbS
Weﬂ_qp Łgeﬂ_BWfﬂia
"
Ł

`ﬂfSegf Łlk?gfZŁg$#&%%(')**

	+,.-/01231450/1678097:;:<801=>:-?@6
BA
#
ﬀﬂﬁ
kijc_?
CEDFC(GHﬁ
#
ﬀﬂﬁ
k?{MﬂmSf@?
CEI;Jﬁ
#
ﬀ;ﬁ
k?gbSR?
KJﬁﬂﬁL
#
ﬀ;ﬁ
kijc_?
C(M.NOﬁ;APQI
#
ﬀ;ﬁ
kijc_
16/79+R.S
	45=UTV7WX1
>
ﬁﬂYﬀ
G5MﬀZBKJB[.ﬁBC
A\#çiZbﬂhZf
CEIJﬁ
_Z
D
"
>
CEIJﬁ
?+cWmWm<A
E
"
>cWmWm?
CEI;Jﬁ
A
7;:X<]
	
ﬀﬂﬁﬃ! 
U.^
KJﬁ;ﬁ;L_
 
U.^

,
_
"
hZfgmSfﬂia {Zha{qcoiaiPkijc_?³iPk?{MﬂmSf@?%DﬃbﬂhﬃgbS
Weﬂ_qp ŁgegfSegfCÉŁ&?iS_agehZfi

`ﬂfSegf Łlkijc_<D`#êiDﬃbZcgÉŁlkijc_E]#çiPkijc_
1;=>O-?a6$,B1	 O-1ﬀ
CE
bﬀﬁﬂA/Ccﬃ! ed
^
C(M.NOﬁ;APQIO_
 fd
^
ﬂ_
"
hZfgmSfﬂia {Zha{qcoiahPkhWhjc&?³hPkAcﬂbMp{f
Weﬂ_qp fZcgeﬂ_WmWmÉf@?'haSggfZcgíh

`ﬂfSegf fIkijc_g#çibZcgçfIkhWhjc$#çhPkhWhjc
¬<87>9=sgh0= 354lF:Cê@H>A
ÎÏIÐZS
=
ÕjØ

Ö
û

J

ß
¥¢P­ÕaØ

Ö
û
J
 ﬀM
ß
¸££±Pµ´q§j¥ﬂ´M¡¬´MP¡%¯W¥ﬂµq¡Sµ
û
ïWß
½
û
ôoß
½
û
*oß
¥ﬂ·I®gÇ{¡
Ä
R
¸Ç{¡S¢ç¥
 :ﬂﬀ!ﬀﬂ;
­¥ﬂ´j¥ﬂ·E¥µq¡
½
S
=
¯S®²³¶P±U´M¡Sµ¥¢ê©lª%«
Ç¸¡ZÁ ¥µz¹A®o££®WÁ¬µ
Äâ
´ÆË§Mµ´¨¡S¢P¡a§j¥ﬂ´M¡Sµ´M¡§M®°®´z¡S£¡S²³¡S¢°´
û
Á¬¸N´M´j¥ﬂ¨
FXi
ß
½
¥¢P­´MP¡S¢³¡SÇ¥£±P¥ﬂ´M¡SµÆ´MP¡%Ê°±P¡Z§q¼g
*
´M®+¡Z»´q§j¥¯a´ﬀ¯S®±§Mµq¡Sµ¥¢E­
¶U§M®

¡S¯Z´Mµ®ﬂ¹´M¡
ﬁ 	
­¡S¶P¥ﬂ§q´M²³¡S¢°´¹A§M®²´MP¡Æ±P¢P­¡Z§M£N¼U¸¢P¨%­P¥g´j¥·P¥µq¡
Ä
ú
®§
¡W¥¯j7­U¸¦µ´M¸¢¯Z´+´M±P¶P£¡
j
¸¦¢ê´MP¡®±´M¶P±U´+®¹ g
*
½
¸´
¨¡S¢P¡Z§j¥g´M¡Sµ
¥
ﬁHﬃﬀ"!<
¯jP¸£¦­
kXl
®ﬂ¹
FXi
½
Á¬¸¯aí¸µ³¥¤·P±P­í¯S¥ﬂ§q§q¼U¸¢P¨
j
¥µ´M¡
Ç¥£±¡®¹¸N´Mµ%¥ﬂ´q´q§M¸·P±U´M¡
6
ﬁ<Hﬃ "!<
ÄÆÍ
¡µq±P·´q§M¡Z¡¾®¹´M¡¾·P±P­
k
l
¸µ
´M¡S¢ç¨¡S¢P¡a§j¥ﬂ´M¡W­#·¼É±µq¸¢P¨
j
Ä%	
¶I¡S¯Z¸ËP¯W¥££N¼
½
¸N´+¯Z§M¡S¥ﬂ´M¡Sµ´MP¡
ﬁG"H
½
ﬂﬂI
½

J

½
J
  M
¥¢E­
 ;ﬀm"<GOn
¯a¸£Ì­§M¡S¢7®¹
k.l
½
¯W¥g§q§q¼¸¢¨
j
Ä
ﬁG"H
½
j
Ä
ﬂﬂI
½
j
Ä
 ;<:
½
j
Ä
ﬁGﬂH
¥¢E­
j
Ä
ﬁG"H
¥ﬂµ³´MP¡S¸N§Ã¥ﬂ´q´q§M¸·±´M¡Sµ
½
§M¡Zµq¶I¡S¯Z´M¸Ç{¡S£N¼
Äâ
´z´M¡S¢³¶§M®°¯S¡Z¡W­µÆ´M®
¯a§M¡W¥ﬂ´M¡ã¥,´M¡Z»´¢®­¡¬¯W¥g§q§q¼¸¢¨
j
Ä
ﬁG"H
¥ﬂµ¸´Mµ

ﬁ

ﬃ8U:ﬃ
½
¥ﬂµ´MP¡ã¯a¸£Ì­³®ﬂ¹=´MP¡
ﬁG"H
¢P®­¡ﬀPµq¸¦²³¸£¦¥ﬂ§M£N¼
¹A®§
"ﬂI
ÄÆâ
´­¡Z´M¡Z§M²³¸¢¡Sµz´M¡

J

®¹
kXl
·°¼³¡Z»¥²³¸¢¸¦¢¨
j
Ä
ﬂ;<:
O
¸N¹z¸N´¾¸µ
ï
´MP¡Z¢É¥
ﬀ:ﬃ"Iﬀ;
¯jP¸£¦­É®ﬂ¹

J

¸¦µã¯Z§M¡W¥g´M¡W­FP®ﬂ´MP¡Z§qÁ¬¸µq¡
¥ J
ﬂHLﬂﬁ
¯a¸¦£¦­¤¸µ,¨¡S¢P¡Z§j¥g´M¡W­
Ä,â
´ã¯Z§M¡W¥g´M¡Sµ,´MP¡
¯jP¸£¦­U§M¡S¢¤®ﬂ¹z´M¡
J
  M
¢P®­¡%·°¼¡SÇ¥£±P¥ﬂ´M¸¢P¨´MP¡ãáSål«'Ê°±¡Z§q¼g
U
´M®+ËP¢E­¶U§M¡Z§M¡WÊ{À
±¸µq¸´M¡Zµ%®ﬂ¹H´MP¡ã¯S®o±U§Mµq¡
½
¥¢E­ﬃ¥¨o¥¸¢¹?®ﬂ§%¡W¥¯jﬃ´M±¶P£¡,¸¢ﬃ´M¡¾®o±U´M¶P±U´
®ﬂ¹ g
U
¸N´ﬀ¨o¡Z¢P¡Z§j¥g´M¡Sµ¥
ﬁHﬃ ﬂ!<
¢®­¡Pµq¸²³¸£¦¥ﬂ§M£N¼³¸N´ﬀ¯S®¢Pµ´q§M±¯Z´Mµz´M¡
 ;ﬀm"<GOn
µq±·´q§M¡S¡·°¼¡SÇ¥£±P¥ﬂ´M¸¢P¨ g
d
´M®¡a»U´q§j¥ﬂ¯Z´
!ﬃﬀF <G 
­P¥g´j¥
Ä
n
®´M¡´MP¥ﬂ´2g
U
¥¢E­g
d
´j¥ﬂÞ{¡
j
Ä
ﬁGﬂH
¥ﬂµ¥ä¯Z®o¢Pµ´j¥ﬂ¢°´'¶P¥ﬂ§j¥ﬂ²³¡Z´M¡Z§
Ä
	
¸¢P¯S¡
ﬁHﬃ "!<
¸µ§M¡S¯S±§Mµq¸Ç{¡Z£¼'­U¡ZËE¢¡W­
½
´MP¡ﬀ¶U§M®°¯S¡SµqµÆ¶§M®°¯S¡Z¡W­µ±P¢UÀ
´M¸£¸N´§M¡S¥¯jP¡Sµﬃ¯S®o±U§Mµq¡Sµ´ME¥g´¤­U®ì¢®´ﬃE¥WÇ{¡ê¥¢°¼ ¶U§M¡Z§M¡WÊ°±P¸µq¸N´M¡Sµ
½
Û
ü
Ö
ü¦þ
Á¬P¡S¢
g
U
§M¡Z´M±§M¢µ¡S²³¶U´X¼¥ﬂ´´M¡ J
  M
¯a¸£Ì­§M¡S¢®¹´MP®µq¡
¯Z®o±§Mµq¡¤¢®­¡Sµ
ÄuÍ
E¥ﬂ´¸µ
½
ÎÏIÐ
]
P¥¢E­U£¡ﬃ§M¡S¯S±U§Mµq¸®o¢¹A®o££®gÁ¬¸¢¨í¥
­¥ﬂ´j¥gÀX­§M¸Ç{¡S¢7µq¡S²¥ﬂ¢´M¸¯Sµ
Ä
uP¡S¢´M¡¯S®o²³¶±´j¥ﬂ´M¸®¢ç´M¡Z§M²³¸¢E¥g´M¡Sµ
´M¡,ÎÏIÐ#¨o¡S¢¡Z§j¥ﬂ´M¡Sµ¬¥ﬂ¢©lª¬«
Ç¸¡ZÁC¥ﬂµ¬­¡S¶¸¦¯a´M¡W­Ã¸¢
ú
¸¦¨
Ä
ô
½
Á¬P¸¯a
¯Z®o¢¹A®§M²³µ´M®´M¡ßlÏEß X
=
¨¸Ç{¡S¢ä¸¢
c
»¥²³¶£¦¡
ô
Ä
ï
Ä 
Q
µ=®·Pµq¡Z§MÇ{¡S­¾·¼
Ñ ÒÓ
½
ÎUÏEÐ
]
¥ﬂ§M¡Æ²³®§M¡¡Z»U¶§M¡Zµqµq¸¦Ço¡Æ´MP¥¢¾´MP¡Ç¸¡ZÁ
­U¡ZËE¢¸N´M¸¦®¢ä£¦¥¢¨o±E¥ﬂ¨o¡Sµ%®¹H¶§M¡SÇ¸®o±µ%¶±P·£¦¸µq¸¦¢¨µ¼Uµ´M¡S²³µ
ÑNïoï
½Ið
Ó
Ä
3 4oAU@oEW<ADIGpoFEGrq=>?<?Go7 .
ÎUÏEÐ
]
¥µ­U¡ZËE¢¡W­§M¡ZËE¢¡'´M¡'®ﬂ§M¸¦¨¸¢E¥£
­U¡ZËE¢¸N´M¸¦®¢ç¸¢°´q§M®­±¯S¡W­É¸¦¢
Ñ ÒÓ
Ä
Q
¢#ÎÏIÐî®ﬂ¹
Ñ ÒÓ
²¥S¼#¥·I®ﬂ§q´+®ﬂÇo¡Z§
¥§M¡S£¦¥ﬂ´M¸®o¢P¥£z­P¥g´j¥·E¥ﬂµq¡
½
Û
ü
Ö
ü¦þ
¸N´+²¥W¼´M¡Z§M²³¸¢E¥ﬂ´M¡
±P¢µq±P¯S¯Z¡Sµqµ¹?±£¦£N¼
¥ﬂµ´MP¡¾©lª¬«'Ç¸¡ZÁC¸N´ã¨¡S¢P¡a§j¥ﬂ´M¡Sµ¬²¥S¼Ç¸¦®£¦¥ﬂ´M¡¾´MP¡,¨o¸Ç{¡S¢¤ßÏIß
Äâ
¢
¯Z®o¢°´q§j¥µ´
½
®o±U§§M¡SÇ¸¦µq¡S­ÎÏIÐ
]
­®'¢P®´%¥ﬂ·I®§q´
ÄÆÈ
®WÁ¡SÇ{¡Z§
½
¡SÇ{¡Z¢®o±U§
§M¡ZÇU¸µq¡W­7ÎÏIÐ
]
­¡ZËP¢P¡W­®gÇ{¡Z§¥ä§M¡S¯S±U§Mµq¸¦Ço¡ßÏIß²¥S¼ê¢P®´'´M¡Z§M²³¸NÀ
¢E¥g´M¡
Ä ú
®ﬂ§¡Z»¥²³¶£¦¡
½
S
=
®ﬂ¹
ú
¸¨
Ä
*
²¥S¼í¢P®´¯Z®o¢Ç{¡Z§M¨¡ä¸N¹¾´MP¡
§M¡S£¦¥ﬂ´M¸®¢ J
  <M
¸¢´M¡¾±P¢P­¡Z§M£N¼U¸¢P¨³­¥ﬂ´j¥·P¥µq¡+¸µ¬¯Z¼U¯S£¸¦¯
½
Ö
ü ý°ü¦þ
¸N¹
¥¯S®±§Mµq¡³¸µ+¸N´Mµ
®WÁ¬¢¶U§M¡Z§M¡WÊ°±P¸µq¸N´M¡
Ä
®ﬂ§Mµq¡³µ´M¸£¦£
½
¸N´
¸µ+±P¢E­U¡S¯S¸¦­UÀ
¥·£¡
Ñ ÒÓ
´M®ä­U¡Z´M¡Z§M²³¸¢P¡'¥ﬂ´+¯S®²³¶P¸£¡'´M¸²³¡'¹A®§
¥ﬂ¢ç¥g§M·P¸N´q§j¥ﬂ§q¼#ÎÏIÐ
S OU V X
½
Á¬P¡Z´M¡Z§qS#´M¡a§M²³¸¦¢P¥ﬂ´M¡Sµ®¢¤¥££=­P¥ﬂ´j¥ﬂ·E¥ﬂµq¡Sµ¬®¹ U
Ñ ÒÓ
Ä
Í
®ì¯S®o¶I¡êÁ¬¸´M ´MP¸µäÁ¡ç¸¢°´q§M®­±P¯Z¡¥¢C¡Z»U¯S¡S¶U´M¸®o¢óP¥¢P­£¸¢P¨
²³¡S¯jE¥ﬂ¢P¸µq²
Ä+ú
®ﬂ§+¥¢#¡S£¡S²³¡S¢°´,´\¼U¶I¡=$Â­¡ZËP¢P¡W­§M¡Z¯S±§Mµq¸Ç{¡S£N¼
½
Áﬀ¡
¯S®¢Pµq¸¦­¡Z§¥ç²³¸£¦­î¡Z»´M¡S¢µq¸®o¢ ®ﬂ¹+¸´Mµ¶U§M®­±P¯a´M¸¦®¢
C
`
$ V
&
½
¢E¥ﬂ²³¡S£N¼
½
Cs
`
$ V
&
-
!ﬀ
Äú
®§¡Z»¥²³¶£¦¡
½
Á¡¡Z»´M¡S¢P­ç´MP¡
¶§M®­U±P¯Z´M¸®¢ä®¹
ﬁ<Hﬃ "!<
¸¢´M¡ßlÏEß X
=
´M®'·I¡
iS_agehZf

>qijc_?
{MﬂmSf@?'aSŁﬂf@?+ŁgegfSegfCR?'gbZﬂfZcbaﬀAgt haWe
â
¢®§j­¡a§´M®¡S¢µq±§M¡´M¡Z§M²³¸¢E¥g´M¸¦®¢
½
Á¡ã²³®­U¸N¹A¼
´q§M¡S¡ã¨¡S¢P¡a§j¥ﬂ´M¸®o¢
´M®¤µ´M®o¶7¡a»¶P¥¢P­¸¢P¨´M¡´q§M¡S¡¸N¹,¥ä¢¡ZÁ¬£N¼¯Z§M¡S¥ﬂ´M¡W­¢®­¡vu
k
E¥ﬂµ
´MP¡¬µM¥ﬂ²³¡%´\¼¶I¡%¥ﬂ¢E­µq¡S²¥ﬂ¢´M¸¯ã¥ﬂ´q´q§M¸·P±U´M¡¬Ço¥ﬂ£¦±¡,¥ﬂµ®¢P¡%®¹)¸´Mµ¥¢UÀ
¯S¡Sµ´M®ﬂ§Mµ
½
k
Ä
â
¢É´MP¸µ¾¯S¥µq¡
½
Áﬀ¡µq¸²³¶£¼ä¡S²³¸N´¾´MP¡'µ´q§M¸¦¢¨Ç¥£±P¡'®¹
u
k
1
µ%¥ﬂ´q´q§M¸·P±U´M¡+¥µ´MP¡,¯S®o¢°´M¡S¢°´Mµ®¹=´MP¡¾¢¡ZÁC¢P®­¡
Äâ
´¬µqP®±P£¦­·I¡
²³¡S¢°´M¸®o¢¡W­¾´ME¥ﬂ´=´MP¸µ­®°¡Sµ¢®´£®µq¡ﬀ¸¢¹?®ﬂ§M²¥ﬂ´M¸®o¢
½
µq¸¢P¯Z¡z´MP¡zµq±P·UÀ
´q§M¡S¡ﬀ®ﬂ¹8u
k
½
¸N¹I¯S®o¢µ´q§M±P¯Z´M¡S­'·°¼¹?®£¦£®WÁ¬¸¢P¨¾´M¡ﬀ®§M¸¨o¸¢P¥£P¶U§M®­±¯Z´M¸®o¢
C
`
$ V
&
½
¸µ

±Pµ´,¥¯S®o¶°¼®¹´MP¡+µq±·´q§M¡S¡
¥ﬂ´
k
¥¢E­­®°¡Sµã¢P®´
¸¢°´q§M®­±P¯Z¡¥¢°¼¤¢¡ZÁ¸¢U¹?®§M²¥g´M¸®o¢
Ä
Í
¸µ¾¶§M®°¯S¡Zµqµ¸¦µã§M¡Z¹?¡Z§q§M¡S­É´M®
¥µ,Ö {ÙjÖ
L
Ú~ÛwÜÝ\

ÝI×

Û?Ý
ýÄ
Q
£N´MP®±P¨o³¡a»¯Z¡S¶´M¸®o¢E¥¢P­£¸¢P¨µq£¸¨o°´M£N¼
²³®­¸NËP¡Sµã´M¡ßÏIß¡S²'·I¡W­P­U¡W­¸¢#¥¢#ÎUÏEÐ
½
¸N´¾¡S¢µq±§M¡Sµã´M¡Z§M²³¸¢E¥ﬂÀ
´M¸®o¢ä®ﬂ¹ÎÏIÐç¡SÇ¥£±P¥ﬂ´M¸®o¢Á¬¸N´M®o±´%£®oµqµ%®¹H¸¦¢U¹?®ﬂ§M²¥ﬂ´M¸®o¢
Ä

;=DEsg Ce68. ; =xw
ÖaÚ SrOlU V X èjÖ

Ý

ÕZèZÛ?Ú~Õ

Õ

ÎUÏEÐ ùÛ?Ú8
Ö {ÙjÖ
L
Ú~ÛwÜÝd

ÝI×

ÛAÝ
ý°üzy
PÖaÝ7ÜøÖaÕ

ÛAÝ
I
Ú

ÝIÙjÖ
I
[îÜM]U
þ
S Ú\ÖaÕZé
J
ÛAÝ

Ú\Ö
I@
ÝI×@S
û
[
ß
ÙMÜÝ)MZÜÕ
JkI
ÚÜÚ8ÖãßÏIßdX
ü 
Í
P¡Z®§M¡S²
ô
Ä
ï
µqP®WÁ¬µã´MP¥ﬂ´¥ﬂ¢¤ÎÏIÐ<S ODU V X ¸µ¾¥¯a´M±E¥££N¼É¥
´M®´j¥ﬂ£¹?±P¢¯Z´M¸®o¢FO¾¨o¸Ç{¡Z¢ç¥ﬃ­P¥ﬂ´j¥ﬂ·E¥ﬂµq¡K[ä®¹2U
½
S
û
[
ß
¯S®o²³¶±´M¡Sµ¾¥¢
©lª¬«Ã­U®°¯S±P²³¡Z¢´Mµ¬®ﬂ¹2X ´ME¥ﬂ´,¸µ,±P¢¸¦Ê±¡+±P¶ä´M®³§M¡S®§j­U¡Z§M¸¢P¨Ã®¹A(À
¡S£¡S²³¡S¢°´Mµ¬¶§M®­U±P¯S¡S­·°¼¶U§M®­±P¯a´M¸¦®¢Pµ%®¹´M¡+¹A®§M² $ V (
v
Äâ
¢
´MP¡µq¡WÊ°±P¡S£Áﬀ¡¯S®o¢µq¸Ì­U¡Z§
®o¢£¼#ÎÏIÐ
]
Á¬¸N´Mç¡a»¯Z¡S¶´M¸®o¢êE¥ﬂ¢E­£¸¢P¨
½
¥¢P­+§M¡a¹?¡Z§´M®¬´MP¡S²µq¸²³¶P£N¼
¥µÎÏIÐ
]
ÄBn
®´M¡Æ´ME¥ﬂ´H®o±§H¸¦¢¯Z§M¡S²³¡S¢°´j¥ﬂ£
´M¡S¯jP¢¸ÌÊ°±¡Sµ¬¥£µq®Áﬀ®ﬂ§MÞﬃ®¢äÎÏIÐ
]
Á¬¸N´MP®o±U´%¡Z»U¯S¡S¶´M¸®¢E¥ﬂ¢E­U£¦¸¢¨
Ä
3. External Trees
â
¢¯Z§M¡S²³¡S¢°´j¥ﬂ£P±P¶­¥ﬂ´M¡¬²¥Þo¡Sµµq¡S¢µq¡ã®¢P£N¼³¸¢³´MP¡%¯S®o¢°´M¡Z»´®¹=¥¢
¡Z»´M¡Z§M¢P¥££N¼²¥¸¢°´j¥¸¢¡W­ç´q§M¡S¡ﬃ¥gÇ¥¸£¦¥·£¡Ã´M®¤´MP¡¯S£¸¡S¢°´
Ä
Q
Ço¥g§M¸NÀ
¡Z´\¼ﬃ®ﬂ¹¶I®´M¡Z¢´M¸¦¥ﬂ£l¸²³¶£¦¡Z²³¡S¢°´j¥ﬂ´M¸®o¢µﬀ¹?®§¬´M¡,¡Z»´M¡Z§M¢P¥£´q§M¡S¡¾¡Z»U¸µ´
½
¹A§M®² ¥¢P¥ﬂ´M¸Ç{¡¬µ´M®§j¥ﬂ¨o¡,µ¼Uµ´M¡S² £¸Þ{¡
JHKjVWKMLNKM} Q{O

J
´M®
¥¢³¸¢UÀ
²³¡S²³®ﬂ§q¼¸²³¶P£¡S²³¡Z¢´j¥g´M¸®o¢³®¹)ß9|)ª
Ä
u¸£¦¡%¸¢³´MP¡¬¯S±§q§M¡Z¢´ÆÁﬀ®ﬂ§MÞ
Áﬀ¡%E¥WÇ{¡¬±µq¡W­³®o±§®WÁ¬¢Ã¸²³¶£¦¡Z²³¡S¢°´j¥ﬂ´M¸®o¢®ﬂ¹)¥¢¸¢À²³¡S²³®§q¼+´q§M¡S¡
¸¢
9
-;-
½
Áﬀ¡³¡Z»U¶I¡S¯a´´MP¡­¥ﬂ´j¥µ´q§M±¯Z´M±§M¡Zµ+¥¢E­#¥£¨®§M¸N´MP²³µÁﬀ¡
¶§M®¶I®oµq¡¾´M®³¥ﬂ¶P¶£¼´M®®ﬂ´MP¡Z§%¸²³¶P£¡S²³¡Z¢´j¥g´M¸®o¢Pµ
Ä
¡¬¢¡Z»´ﬀ­U¡Sµq¯Z§M¸·I¡%´M¡¬¡Z»´M¡Z§M¢E¥ﬂ£I­P¥g´j¥+µ´q§M±¯Z´M±§M¡Zµz²¥ﬂ¸¦¢°´j¥ﬂ¸¦¢¡W­
·°¼Ã®o±§¬²³¸¦­­£¡ZÁ¥g§M¡¾´M®³¥¯Z¯S¡S¶´ã¥ﬂ¢E­ﬃ¶U§M®°¯S¡Sµqµ%¯aP¥¢¨o¡Sµ
Ä
}D9q=<?;q=UGFES<8Ear@.
¡¥µqµq±²³¡
´MP¥ﬂ´,Á¡¯W¥ﬂ¢ç¥ﬂµqµq®°¯S¸¦¥ﬂ´M¡¥¯S®o²À
¶E¥ﬂ¯Z´
½
±P¢¸ÌÊ°±¡
Ç¥£±¡'Á¬¸N´Mê¡S¥¯j#´M±¶P£¡'Ç¥£±¡
´j¥ﬂÞ{¡S¢É®o¢#·°¼É¥Ãµq¡aÀ
²¥¢°´M¸¯
¥ﬂ´q´q§M¸·P±U´M¡+¸¦¢ S
û
[
ß
Ä
¡
¥ﬂ·Pµ´q§j¥¯a´¥SÁ¥S¼ä´M¡
¸²³¶£¦¡Z²³¡S¢À
´j¥ﬂ´M¸®¢ ®¹´M¸¦µ³¸¦­U¡S¢°´M¸´\¼ìÇo¥ﬂ£¦±¡ä·°¼î¥µqµq±P²³¸¢¨
½
Á¬¸N´MP®±´Ã£®oµqµÃ®¹
¨o¡Z¢P¡Z§j¥ﬂ£¦¸N´\¼
½
´M¡³¡Z»U¸µ´M¡S¢P¯S¡Ã®¹ã¥
	
Þo®o£¡S² ¹?±¢P¯Z´M¸®o¢
ý~
I
H(
û
µq¡Z¡
½
Ö
ü ý°ü¦þ
Ñ gÓAß
´MP¥ﬂ´
½
¨¸Ç{¡S¢´M¡¾´M±P¶P£¡¾Ç¥£±¡®¹Æ¥µq¡S²¥ﬂ¢´M¸¯+¥g´q´q§M¸¦·±´M¡
6
$
½
¯S®²³¶P±´M¡ZµÛ $´ME¥g´
¸¦µ
±P¢¸¦Ê±¡¥²³®¢P¨¤¥ﬂ£¦£z¸¦­¡S¢°´M¸N´M¸¡Sµ¥ﬂµÀ
µq®°¯S¸¦¥ﬂ´M¡S­Á¬¸´M

µq¡S²¥ﬂ¢´M¸¯¥g´q´q§M¸·P±´M¡Zµ
û
¹?®§ã¡Z»¥²³¶£¡
½
¸´%²³¸¨o°´
¡S¢¯S®­¡¾´M¡,´X¼U¶I¡¥ﬂ¢E­¥'±P¢P¸¦Ê°±P¡,Ço¥ﬂ£¦±¡,Á¬¸N´MP¸¢´MP¥ﬂ´¬´X¼U¶I¡
ß
Ä
ﬀsg Gaﬀ.D<ÃsgFP@;³U@=sﬂ ﬀSUG0ESF EW<ÌDIG ﬀ.
Q
¢¤¸²³¶I®ﬂ§q´j¥¢°´,¶U§M®o¶UÀ
¡Z§q´\¼®¹,¥¢íÎÏIÐﬂSrO U V X ¸µ´MP¥ﬂ´
½
¹A®§¥ﬂ¢¼­P¥g´j¥·E¥ﬂµq¡m[#®¹
U ¥¢P­´X¼U¶I¡$ó®¹!X
½
¥ﬂ¢9$%À¡S£¡S²³¡S¢°´
û
µq±P·U´q§M¡S¡
ß
^

¸¢ä´M¡
©lª¬«
Ç¸¡ZÁ S
û
[
ß
¸µ,ØÝPÛ

ØEÖ
 
×°ÖaÚ\ÖaÕ
J
Û?ÝIÖM×ã·¼'´MP¡%Ço¥ﬂ£±P¡%®¹l´MP¡,µq¡Z²¥¢À
´M¸¯¥g´q´q§M¸·P±´M¡
6
$ ¥g´,´MP¡§M®°®ﬂ´®¹ ^

Ä¾Í
±µã´MP¡+ÎÏIÐí­¡aËE¢P¡Zµ,¥
¹?±¢P¯Z´M¸®¢äáZÏ¤µq±¯a´ME¥g´
½
¨¸¦Ço¡S¢ä¥ﬂ¢¡S£¡S²³¡S¢°´ﬀ´\¼U¶I¡5$ó¥ﬂ¢E­Ã¥Ç¥£±P¡
i¬®¹
6
$
½
áZÏ
û
$
ﬃ
i
ß
§M¡Z´M±U§M¢Pµã¥µq±·´q§M¡S¡§M®°®ﬂ´M¡W­É¥ﬂ´¥¢®­¡+´j¥¨¨o¡W­
$ó¥ﬂ¢E­¯S¥ﬂ§q§q¼U¸¢P¨=iﬀ¥µ¬¸N´Mµã¥g´q´q§M¸·P±´M¡
Ä
...
...
...
root
subtree pool
Hhashing index 
example of subtree sharing
... ...
Bn, id_Bn, LnB1, id_B1, L1
A, id_A, [(B1, idB1), . . ., (Bn, id_Bn)]
X, id_X, L
¬<87:9)sﬂ o=;	< qrqH>Ì 
FPsg9ÃF ESFFESs&9BAE)9)sﬂ ﬀ
	
¸¢P¯S¡
¥³µq±P·U´q§M¡S¡
áZÏ
û
$
ﬃ
6
$
ß
²¥S¼¤¥ﬂ¶P¶I¡W¥g§¾¥g´­¸ ¡Z§M¡Z¢´ã¶P£¦¥ﬂ¯S¡Sµ
¸¢³´MP¡¬©lª¬«¾Ç¸¦¡aÁﬂS
û
[
ß
½
¸N¹´MP¡%²³¸Ì­­£¡ZÁﬀ¥ﬂ§M¡¬µ¼Uµ´M¡S²¸µz²¥¢E¥ﬂ¨o¸¢P¨
´M¡ã¡a»U´M¡a§M¢E¥£Ç¸¦¡aÁ
½
¸´²¥S¼·I¡%²³®§M¡¬¡Z¿³¯Z¸¦¡Z¢´z´M®§M¡S¶§M¡Sµq¡Z¢´!S
û
[
ß
¥ﬂµ¥¾¨ﬂ§j¥¶³µq±P¯j´ME¥g´¥¾µq¸¢¨o£¡¬¯S®o¶°¼'®¹láZÏ
û
$
ﬃ
6
$
ß
¸¦µÆµ´M®§M¡S­³¥¢E­
µqP¥ﬂ§M¡W­ﬃ·¼¸N´Mµ¬²±£N´M¸¦¶£¡,®°¯S¯S±U§q§M¡S¢P¯Z¡Sµ
ÄÆâ
¢E­U¡S¡W­
½
¸N¹lS
û
[
ß
¸µµ´M®§M¡S­
¥ﬂµ¥#´q§M¡S¡
½
¹?®ﬂ§¡a»P¥ﬂ²³¶P£¡ä·°¼ì±Pµq¸¢P¨¥¢u¥WÇ¥¸£¦¥·P£¡É¸²³¶P£¡S²³¡S¢°´j¥gÀ
´M¸®¢ç®¹ß |lª
Ñ ôgÓ
½
´M¡´q§M¡S¡²¥S¼¤·I¡¡a»¶I®¢P¡S¢°´M¸¦¥££N¼É£¦¥ﬂ§M¨¡Z§+´ME¥¢
´M¡¨ﬂ§j¥¶Pí§M¡S¶U§M¡Sµq¡S¢°´j¥ﬂ´M¸®o¢
Äíâ
¢í£¸¨o°´®¹%´MP¸µ´M¡¯S±U§q§M¡S¢°´¸²À
¶£¡S²³¡S¢°´j¥ﬂ´M¸®o¢É®ﬂ¹ÎÏIÐ
]
¥­®¶´Mµ,´M¡
¨ﬂ§j¥¶#§M¡S¶U§M¡Sµq¡S¢°´j¥ﬂ´M¸®¢
½
·P±U´
µq±¶P¶I®ﬂ§q´Mµã¯S£¸¡S¢°´%¢E¥WÇ¸¨{¥ﬂ´M¸®¢¤®o¢´M¡¨§j¥¶É¥µ¬¸N¹¸N´ãÁ¡Z§M¡
¥'´q§M¡S¡
Ä
Í
¡´q§j¥o­U¡ZÀ®<í®¹´MP¡µq¶P¥¯S¡³¡Z¿¯S¸¡S¢P¯Z¼ê¸µ´ME¥ﬂ´´M¡µq±P¶¶I®§q´+®ﬂ¹
±µq¡Z§ã¢E¥WÇ¸¦¨o¥ﬂ´M¸®o¢É¸µ,¯Z®o²³¶P£¸¯W¥g´M¡W­
½
¥ﬂµ%´M¡+¶E¥ﬂ´Mä¹Ì§M®o²5¥¶E¥g§q´M¸¦¯Z±À
£¦¥g§¾¢P®­U¡´M®´MP¡¾§M®°®´,®¹´M¡+´q§M¡Z¡+Á®o±£Ì­ä·I¡
­U¡S¶I¡S¢E­U¡S¢°´¬®o¢ä´M¡
§M®±´M¡¢P¥gÇ¸¨{¥g´M¡W­FP¹?±U§q´MP¡Z§
½
¥²³¡S¯jE¥¢¸µq²"²±µ´¬·I¡¾¶§M®gÇ¸¦­¡W­ﬃ´M®
¯jP¡Z¯aÞ¹?®ﬂ§ﬀ­U±P¶£¦¸¯W¥g´M¡SµÆ¥£®o¢¨,´MP¸µ¶E¥g´M'´M®¾¶U§M®gÇU¸¦­U¡´MP¡ﬀ¡a»¯Z¡S¶´M¸®o¢
P¥¢P­£¸¢P¨µq¡S²¥ﬂ¢°´M¸¦¯Zµã­U¡Sµq¯Z§M¸·I¡W­ﬃ¥·I®gÇ{¡
Ä
ÃF ESFFESs&9BAEg9=sgOﬀ.
Í
P¡ﬃ¡Z»´M¡Z§M¢E¥ﬂ£%­P¥ﬂ´j¥Éµ´q§M±P¯a´M±§M¡Sµ³±µq¡W­í´M®
§M¡Z¶§M¡Sµq¡S¢°´³´M¡©lª¬«ç­®°¯Z±P²³¡S¢°´¥g§M¡¤­¡S¶¸¯Z´M¡W­í¸¦¢
ú
¸¨
Ä
Ò
Ä Í
¡
´q§M¡Z¡\^ ¸¦µ'µ´M®§M¡W­7¸¢í¥¤E¥ﬂµq7¸¦¢P­¡Z»

¥ﬂ¢E­7¥¤µq±P·U´q§M¡S¡¶I®°®o£
Ä
c
¥¯j¡Z¢´q§q¼®¹

¸¦µ®ﬂ¹=´M¡ã¹?®ﬂ§M²
û
$
ﬃ
Û  $
ﬃ
C
i
#
ß
½
Á¬P¡Z§M¡5$C¸µ¬¥¢
¡Z£¦¡Z²³¡S¢°´'´\¼¶I¡
½
Û $"¸µ+´MP¡±P¢¸ÌÊ°±¡³¸Ì­®ﬂ¹ã¥äÇo¥ﬂ£¦±¡®¹
6
$
½
¥¢E­
C
i
#
¸µ'¥ä¶I®o¸¢°´M¡Z§
´M®ä´MP¡§M®°®´¢P®­U¡Ã®ﬂ¹´MP¡µq±P·U´q§M¡S¡áZÏ
û
$
ﬃ
6
$
ß
¸¢
ÄìÍ
P¡µq±·´q§M¡S¡ﬃ¶I®°®o£	ó¯S®¢Pµq¸µ´Mµ³®¹,¡S¢°´q§M¸¦¡Zµ
û
$
ﬃ
Û  $
ﬃ

ß
½
Á¬¡Z§M¡
û
$
ﬃ
Û $
ß
§M¡S¶U§M¡Sµq¡S¢°´Mµ³¥É¢P®­¡
k
®ﬂ¹a^
½
¥¢E­


¸µ³¥#£¸µ´
Ñ
û
(
*
ﬃ
Û (
*
ß
ﬃ

ﬃWû
(
+
ﬃ
Û (
+
ß\Ó
§M¡Z¶§M¡Sµq¡S¢°´M¸¢P¨
´MP¡ã¯a¸¦£¦­§M¡S¢®ﬂ¹
k
µq±¯a#´ME¥g´'¡S¥¯j
û
(
G
ﬃ
Û (
G
ß
¸¦µ
¥ﬂ¢¡S¢°´q§q¼É¸¢

Ä
s
·Pµq¡a§MÇ{¡´ME¥g´
¸¢É´MP¡'¨§j¥¶¤§M¡S¶§M¡Sµq¡Z¢´j¥g´M¸®o¢
½
´MP¡a§M¡¸µ¥®o¢P¡aÀ´M®ﬂÀ®o¢P¡'²¥¶¶P¸¢P¨
¹Ì§M®o²

¡S¢°´q§M¸¡Sµ´M®´MP¡,¢P®­¡Zµ%¸¢
Ä
oﬃFEGrqH>A<?Go7Ã@ q)F ES ﬀ.
â
¢ ´MP¸µ¶P¥¶I¡Z§
½
Áﬀ¡ê¥££®WÁ ek[í´M®í·I¡
¥ﬂ¢°¼¨§M®±P¶³®ﬂ¹)±¶­P¥g´M¡SµÆ´M®´M¡%±¢E­U¡Z§M£N¼¸¢¨ß)àª¬á¬´MP¥ﬂ´z¶§M¡Sµq¡Z§MÇo¡Sµ
´M¡ã¯Z®o¢Pµq¸µ´M¡S¢¯Z¼®¹l´MP¡ã­P¥g´j¥·P¥µq¡
û
¸¢°´M¡S¨ﬂ§M¸´\¼¯S®o¢µ´q§j¥¸¢°´Mµ
ß
Ä
©lª%«
±¶­P¥g´M¡Sµ!e^ì¨o¡S¢¡Z§j¥ﬂ´M¡W­¹Ì§M®o² ek[·°¼
®o¢¡®¹I´MP¡z´M¡S¯a¢P¸¦Ê°±P¡Sµ­U¡ZÀ
µq¯a§M¸¦·I¡S­
¸¢´MP¡Æ¢P¡Z»´l´XÁ®ãµq¡S¯a´M¸¦®¢Pµ¥g§M¡z§M¡S¶U§M¡Sµq¡S¢°´M¡W­¥ﬂµ
ûﬂﬁ"ﬃJﬁ
ß
½
Á¬¡Z§M¡
ﬁ

¸µz¥%µq¡Z´®¹E¡W­¨¡Sµ´M®,·I¡ﬀ¸¢Pµq¡a§q´M¡W­'¸¢°´M®ã´M¡´q§M¡S¡4^
½
¥¢E­
ﬁ

¸µ¥ãµq¡Z´®ﬂ¹I¡W­¨¡SµH´M®,·I¡ﬀ­¡S£¡Z´M¡W­¹A§M®²r^
ÄÍ
P¡¡W­¨¡Sµ¥ﬂ§M¡§M¡Z¶À
§M¡Zµq¡S¢°´M¡W­³¥µ
û
Û $
ﬃ
Û (
ß
½
Á¬¡Z§M¡Û  $ ¥ﬂ¢E­Û (¥ﬂ§M¡´MP¡¸¦­Uµz®ﬂ¹
´M¡¶E¥g§M¡S¢°´K$%À¡S£¡S²³¡S¢°´¬¥ﬂ¢E­Ã´M¡¾¯jP¸£¦­D(+À¡S£¡S²³¡Z¢´§M¡Sµq¶I¡S¯Z´M¸Ç{¡S£N¼
Ä
Í
¡,µ¼Uµ´M¡S²"¶U§M®°¯S¡Sµqµq¡Sµ¸¢µq¡Z§q´M¸®o¢Pµ%¥ﬂµ¹?®£¦£®WÁ¬µgO¹A®§¬¡W¥ﬂ¯a´M±P¶£¡
û
Û $
ﬃ
Û (
ß
¸¢
ﬁ
½
ïgß
ËP¢E­¤´MP¡

¡Z¢´q§q¼
û
$
ﬃ
Û $
ß
¥¢P­É´M¡
¶I®¸¢´M¡a§z´M®,´M¡¢P®­U¡
û
$
ﬃ
Û $
ﬃ

ß
¸¦¢´M¡µq±P·U´q§M¡S¡¶I®°®o£
½
ôoß
¸¢À
µq¡a§q´
û
(
ﬃ
Û (
ß
¸¢°´M®


¸N¹¸N´+¸¦µ+¢®´
¥£N§M¡W¥­U¼ê¸¢


½
¥ﬂ¢E­
*oß
¸¹

­U®°¡Sµ+¢P®ﬂ´'P¥WÇ{¡¥ﬂ¢¡S¢°´q§q¼
û
(
ﬃ
Û  (
ß
¸¦¢

½
¯Z§M¡S¥ﬂ´M¡¥¢ê¡S¢°´q§q¼#¸¦¢

¥¢P­Ã¥¢®­¡
û
(
ﬃ
Û (
ﬃ
ÑÓ?ß
¸¦¢#Á¬¸N´Mﬃ¥¢¡S²³¶U´X¼'¯a¸¦£¦­À\£¸µ´
ÑoÓ
Ä
n
®´M¡³´ME¥g´
¸¹´M¡Z§M¡³¸µ¥ﬂ£N§M¡W¥o­¼7¥¢ç¡S¢°´q§q¼
û
(
ﬃ
Û (
ß
¸¢

½
´M¡
¢¡ZÁC¡W­¨¡¾¸µ%¥¯Z´M±P¥££N¼ä¥äÙZÕÜ
IuI
Öq×
ý
Öﬀ´M®'´MP¡,¡Z»U¸¦µ´M¸¢¨ (Â¢®­¡
Ä
Q
µq±·´M£¡,¸µqµq±¡,¯S®¢P¯S¡Z§M¢µﬀ´MP¡%®§j­U¡Z§®¹l´MP¡ã¯a¸£Ì­§M¡S¢£¸¦µ´


Á¬¡S¢Ã¥
(¢P®­¡¬¸µÆ¸¦¢µq¡Z§q´M¡W­¸¢°´M®


Ä n
®´M¡´ME¥g´


¸µ¯S®¢Pµ´q§j¥¸¢¡W­·°¼'´M¡
¶U§M®­±¯Z´M¸®o¢
$ V
&
O¸N¹
&
¸µ"(
*
ﬃ

ﬃ
(
+
½
´M¡ã¡Z£¦¡Z²³¡S¢°´Mµz®ﬂ¹


¥g§M¡
¸¢´M¡µM¥²³¡®ﬂ§j­¡Z§ã¥µ¬´MP¡Z¸§%¡S£¡S²³¡Z¢´´\¼U¶I¡Sµ¬¸¦¢ﬃ´MP¡¶§M®­U±P¯Z´M¸®¢ P
¥ﬂ¢E­³¸N¹
&
¸µ (
v
½


¡Z£¦¡Z²³¡S¢°´Mµ¥g§M¡,®§j­U¡Z§M¡W­³·°¼³¥
­¡Z¹?¥±£´®§j­U¡Z§®o¢
´M¡¾´M±P¶£¦¡,Ço¥ﬂ£¦±¡Sµ¬®¹H´M¡
6
(¥ﬂ´q´q§M¸·P±U´M¡Sµ¬®¹H´M¡Sµq¡¡S£¡S²³¡S¢°´Mµ
Ä
Í
¡µ¼Uµ´M¡S² ¯W¥ﬂ§q§M¸¡Sµ³®±´³­U¡S£¡Z´M¸®o¢µµq¸²³¸¦£¦¥g§M£¼0OÃ¹?®ﬂ§¡W¥¯jì´M±UÀ
¶£¡
û
Û  $
ﬃ
Û  (
ß
¸¢
ﬁ

½
ïWß
ËE¢E­´MP¡¢®­¡
û
$
ﬃ
Û $
ﬃ

ß
¸¢´M¡
 
+ ﬁﬀ

ﬀ
ﬃﬂ
"
hZfgmSfﬂia gfZc iS_agehZfIkijc_
Weﬂ_qp gfZc iS_agehZfÉi
 
+
l "!
ﬀ#

"
hZfgmSfﬂia {Zha{qcoiaíiPkijc_?iPk?{MﬂmSf@?%DﬃbﬂhgbS 
 
s
*

Weﬂ_qp iS_agehZfi

`ﬂfSegf iPk?gfZŁgz#&%%(')**
	-23/-
hZfgmSfﬂia {Zha{qcoiaêŁlkijc_?+Łlk?{MﬂmSf@?2EÉbﬂhgbS
Weﬂ_qp Łgeﬂ_BWfﬂiaêŁ

`ﬂfSegf Łlk?gfZŁgz#&%%(')**
	-23/-

 
s
U
"

hZfgmSfﬂia {Zha{qcoiaíiPkijc_?iPk?{MﬂmSf@?%DﬃbﬂhgbS
Weﬂ_qp ŁgegfSegfC#Ł&?iS_agehZfçi?+gfZc ŁgegfSegfC#

`ﬂfSegf Łlkijc_<D#Ékijc_ bZcg¤Łlkijc_E$#çiPkijc_
¬<87:9=sg%$F=:KE ESsﬂ<'&l9oESÉsgU>AF ES<ADIG 7EUG=sgF EW<?G 7( 9)Usﬂ<A ﬀ.
µq±P·U´q§M¡S¡¾¶I®°®£lÇ¸¦¥
´M¡

À¸¢E­U¡Z»³¡S¢°´q§q¼

û
$
ﬃ
Û $
ß
½
¥ﬂ¢E­
ôoß
ÙZØÚ
I´MP¡³¡S­¨o¡
û
Û $
ﬃ
Û (
ß
·°¼É§M¡S²³®gÇ¸¦¢¨çÛ ( ¹A§M®² ´M¡³¯a¸£Ì­§M¡S¢
£¸µ´


Äãâ
´,µq®o±£Ì­ä·I¡
¢P®ﬂ´M¡W­´ME¥g´¾­U±§M¸¢P¨´M¡+¶§M®°¯S¡Sµqµq¸¢¨ﬃ®ﬂ¹Æ§M¡aÀ
£¦¥ﬂ´M¸®o¢P¥£±P¶­¥ﬂ´M¡Sµaek[
½
¢®¡S¢°´q§M¸¦¡Zµ¥ﬂ§M¡
¶P°¼Uµq¸¯W¥££N¼É­¡Z£¦¡a´M¡W­ä¹A§M®o²

·I¡S¯W¥±µq¡
¥
ß
¥ﬂ¢¤¡S¢°´q§q¼²¥S¼ﬃ·I¡'µqP¥ﬂ§M¡W­ä·°¼ﬃ²±£´M¸¶£¦¡µq±·´q§M¡S¡Zµ
®¹o^
½
¥ﬂ¢E­·
ß
¥ﬂµÁ¬¸¦££l·I¡,µq¡S¡Z¢µqP®ﬂ§q´M£N¼
½
®±§¸¢¯Z§M¡S²³¡S¢°´j¥£Iµ¼Uµ´M¡S²
²³¸¢P¸²³¸ëS¡Sµ¾±¢P¢¡S¯S¡SµqµM¥g§q¼¤§M¡S¯S®o²³¶±´j¥g´M¸¦®¢Pµ·°¼ä§M¡S±µq¸¢P¨µq±·´q§M¡S¡Zµ
´ME¥g´¬E¥WÇ{¡·I¡S¡Z¢ä­¸µq¯S®¢P¢¡S¯Z´M¡W­ﬃ¹Ì§M®o²"´M¡,´q§M¡S¡·°¼Ã¯S±´Mµ
Ä
<ÃFs)&=F 7E#t+DI>?>ApAEW<ÌDIG/.
(
¶I®¢´M¡ã¯Z®o²³¶P£¡Z´M¸®¢ﬃ®ﬂ¹=´MP¡%¯S®²³¶P±À
´j¥ﬂ´M¸®¢®¹=´MP¡¾¢¡ZÁ ©lª%«
Ç¸¦¡aÁ S
û
[ f ek[
ß
½
¥'¨{¥ﬂ§M·P¥¨¡¯S®o££¡S¯Z´M¸®o¢
¶§M®°¯Z¡Sµqµ§M±P¢µﬃ¸¢u´MP¡É·P¥¯jÞU¨ﬂ§M®o±¢E­´M®7§M¡S²³®gÇ{¡

À¡S¢°´q§M¸¦¡Zµ¥ﬂ¢E­
¢P®­U¡Sµ¬¸¢ﬃ´MP¡µq±·´q§M¡S¡,¶I®°®o£)´MP¥ﬂ´%¥g§M¡¢P®´%£¸¢PÞ{¡S­Ã´M®KS
û
[qf e[
ß
½
9
®o¢¯S¡S¶U´M±E¥££N¼#´MP¸µ¯W¥¢ç·I¡³­®¢P¡Ç¸¦¥¥ﬃ´M®¶À\­®WÁ¬¢#´q§j¥gÇo¡Z§MµM¥£Æ®¹
´MP¡%¢P¡aÁu©lª%«¾´q§M¡S¡
½
§M¡S²³®gÇU¸¢¨
¢®­¡Sµz´ME¥ﬂ´ﬀ¥ﬂ§M¡ã¢P®+£®o¢P¨¡Z§§M¡W¥ﬂ¯aUÀ
¥·£¡ê¹A§M®²*´MP¡É§M®°®´
Ä â
¢C®±§¤¸²³¶£¦¡Z²³¡S¢°´j¥ﬂ´M¸®o¢ Á¡¥µqµq®°¯Z¸Ì¥g´M¡
Á¬¸N´Mç¡W¥ﬂ¯a

À¡S¢°´q§q¼É¥#ÙjÜﬂØUÝÚ¾Þ{¡Z¡S¶P¸¢P¨´q§j¥¯jÞ¤®¹z´MP¡'¢U±²·I¡Z§,®¹
¢P®­U¡Sµﬀ£¸¢PÞ{¡S­³´M®+¸N´
½
¥¢P­²¥ﬂ¸¢´j¥ﬂ¸¢´M¡ã¯Z®o±P¢°´M¡Z§MµzÁ¬P¡S¢¶§M®°¯Z¡SµqµÀ
¸¢P¨Ã¸¢Pµq¡Z§q´M¸®o¢µ+¥¢P­ê­U¡S£¡Z´M¸®o¢PµgP)´MP¡
¨{¥g§M·E¥¨¡³¯S®o££¡S¯Z´M¸®¢¶§M®°¯S¡Zµqµ
§M¡S²³®gÇ{¡Sµ±¢±Pµq¡W­¢®­¡Sµ
½
Û
ü
Ö
üþ
´MP®µq¡

À\¡Z¢´q§M¸¡SµÁ¬¸N´M7ÙMÜØÝPÚ
`+*
¥¢P­Ã´M¡S¸N§ã¯Z®§q§M¡Sµq¶I®¢E­¸¢¨³¢P®­¡Zµ%¸¢Ã´MP¡¾µq±·´q§M¡S¡¶I®°®£
Ä
4. Pushing Incremental Work to the DBMS
â
¢'´MP¸µzµq¡Z¯Z´M¸®o¢Áﬀ¡¬¶U§M¡Sµq¡S¢°´Æ®o±§%ÕMÖq×ØÙZÚ~ÛwÜﬂÝ'²³¡Z¯aP¥¢P¸µq² ¹?®ﬂ§¸¢UÀ
¯Z§M¡S²³¡Z¢´j¥ﬂ£¡SÇo¥ﬂ£±E¥ﬂ´M¸®¢®¹EÎUÏEÐ
]
ÄÍ
P¡¥ﬂ¶P¶§M®o¥¯j¸µ·E¥ﬂµq¡W­®o¢
ïgß
¥
§M¡S£¦¥ﬂ´M¸®¢E¥£¡S¢P¯S®­U¸¢P¨ä®ﬂ¹¬©)ª¬«ﬃ´q§M¡Z¡Sµ'Ç¸¦¥ä¥µq¡a´®ﬂ¹
û
¸¢´M¡a§q§M¡S£¦¥ﬂ´M¡W­
ß
Ç¸N§q´M±E¥£

Ú~Ú~ÕaÛwèZØÚ\Ö¾¥ﬂ¢E­îÖM×
ý
Ö%§M¡S£¦¥ﬂ´M¸®o¢µ
½
¥ﬂ¢E­
ôoß
¥´q§j¥ﬂ¢Pµq£¦¥ﬂ´M¸®o¢ê®¹
¥¢íÎÏIÐ S O U V X ´M®#¥¤µq¡Z´-,/.
0
®¹ãáSål«íæUæêÊ±¡Z§M¸¡Sµ±U´M¸NÀ
£¸ëS¸¢P¨´MP¡
"@  ﬂﬁﬃ "!ﬀ#ﬀ
¯S®¢Pµ´q§M±¯Z´
½
Á¬¸¯a¤¯S®²³¶P±U´M¡Sµﬀ´MP¡
¥ﬂ´q´q§M¸·±´M¡+¥¢P­ﬃ¡W­U¨o¡¾§M¡S£¦¥g´M¸¦®¢Pµ%®¹H´M¡©lª%«
Ç¸¦¡aÁ¬µ,­U¡ZËE¢¡W­Ã·°¼\S
Ä
R
¸Ç{¡S¢
´MP¸µ
½
´M¡,ÕMÖq×ØÙZÚ~ÛwÜÝ
¥ﬂ¶P¶U§M®{¥¯j´M®¾¸¢¯Z§M¡S²³¡S¢°´j¥££N¼
²¥¸¢À
´j¥¸¢¸¦¢¨Ã¥¢ä©lª¬«´q§M¡S¡^ó¯Z®o²³¶P±U´M¡W­·°¼ﬃÎUÏEÐ S
û
[
ß
Á®§MÞµ,¥ﬂµã¹A®o£NÀ
£®WÁ¬µgO
ïWß
¡Z¢P¯S®­U¡ ^ Á¬¸N´M´M¡É¥ﬂ´q´q§M¸·P±U´M¡¤¥¢P­¡W­U¨o¡ä§M¡S£¦¥ﬂ´M¸®¢Pµ
½
ôoß
²¥ﬂ¶ Sí´M®äáSål«êæUæÉÊ°±P¡Z§M¸¡Sµ1,/.
0
½
*oß
­¡ZËP¢P¡³¥ﬂ¢ç¸¢P¯a§M¡S²³¡S¢À
´j¥££N¼³±¶­P¥ﬂ´M¡S­²¥ﬂ´M¡Z§M¸¦¥£¸ëS¡W­Ç¸¡ZÁ ¸¢³´MP¡¬µq®o±U§M¯S¡¾ßlàPª¬á¹?®ﬂ§ﬀ¡W¥ﬂ¯a
Ê°±P¡Z§q¼î®¹,/.
0
½
Ò°ß
¸¦¢ §M¡Zµq¶I®o¢Pµq¡É´M®§M¡S£¦¥ﬂ´M¸®¢E¥£±¶­P¥g´M¡Sµ e[
½
±´M¸£¸ëS¡É´MP¡#ß)àª¬á¤¹A±P¢¯Z´M¸®o¢E¥ﬂ£¸´\¼´M®7¯W¥ﬂ¶´M±U§M¡É´M¡É¸¦¢¯Z§M¡S²³¡S¢°´j¥ﬂ£
¯jE¥¢¨o¡Sµ+²¥­¡'´M®ﬃ¡W¥¯jç®ﬂ¹ﬀ´MP¡²¥ﬂ´M¡Z§M¸¦¥£¸ëS¡W­êÇU¸¡ZÁ¬µ¾Á¬¸¯aê¯W¥¢
·I¡+­¸N§M¡S¯a´M£¼´q§j¥ﬂ¢Pµ¹?®ﬂ§M²³¡W­¸¢°´M®'´M¡©)ª¬«
¯aP¥¢P¨¡Sµ e^
û
Û
ü
Ö
ü¦þ
ﬁ

¥¢P­
ﬁ

ß
½
¥ﬂ¢E­
õoß
¶§M®¶E¥ﬂ¨{¥ﬂ´M¡ã´MP¡¾¯jE¥ﬂ¢P¨o¡Zµqe^ ´M®'´MP¡ã¡Z»´M¡Z§M¢E¥ﬂ£
´q§M¡S¡
½
¥µ'­¡Sµq¯Z§M¸·I¡W­¸¢ç´M¡³¶§M¡SÇ¸®o±µ+µq¡S¯Z´M¸®o¢
ÄÉÍ
P¸µ
£¦¡S¥o­µ+´M®¤¥
¯S®¢UÇo¡S¢P¸¡S¢°´¥¶P¶U§M®{¥ﬂ¯a´M®É¸¢P¯Z§M¡Z²³¡S¢°´j¥£¡ZÇo¥ﬂ£¦±P¥ﬂ´M¸®o¢í®ﬂ¹ãÎÏIÐ
]
·¼
¶P±µqP¸¢P¨¥µ%²±¯a³Áﬀ®ﬂ§MÞ¥ﬂµã¶I®µqµq¸·P£¡¾´M®´MP¡±¢E­U¡Z§M£N¼¸¢¨ßlàPª¬á
Ä
¡¢P¡Z»´¹?®°¯Z±PµÆ®o¢´M¡ﬀ§M¡S£¦¥ﬂ´M¸®o¢P¥£E¡S¢¯S®­¸¢¨¾®¹©lª¬«ã´q§M¡S¡SµÆ¥ﬂ¢E­
´q§j¥¢µq£¦¥ﬂ´M¸®o¢¤®ﬂ¹ÎÏIÐ
]
´M®áSå)«ﬃææÃÊ°±¡Z§M¸¡Sµ
Ä
  . ; :³U>AFDEW<ADIG=FP> 3,GBAD q=<?Go7íDE.>	 ﬀsgOﬀ
Q
¢,©)ª¬«ﬀÇ¸¡ZÁdS
û
[
ß
¸µ)¡S¢¯S®­¡S­¾ÇU¸¦¥¢P®­U¡
û
µq¡S²¥¢°´M¸¯¥ﬂ´q´q§M¸·P±U´M¡
ß
¥¢P­ﬃ¡W­U¨o¡¾§M¡S£¦¥g´M¸¦®¢Pµ
Ä
  


lﬃ !
ﬀ#
 
G
 
"
hZfgmSfﬂia	
ﬁﬂA DEb
>qiAﬂ?

ﬁ;A DEb
>qiPk?{MﬂmSfA
Weﬂ_qp gfZc iS_agehZfi
  


ﬁﬀ

ﬀ
 ﬂ
l "!
ﬀ#

"
ägfSe{gfSçWeﬂ_qp
 
s
U

hZfgmSfﬂia	
ﬁﬂA DEb
>\SŁ Aﬂ?

ﬁ;A DEb
>qiPkijc_?³iPk?{MﬂmSf@?%D A
Weﬂ_qp gfZc ŁgegfSegfCêSŁ&?ŁgegfSegfCÉŁ&?iS_agehZfi

`ﬂfSegf Łlkijc_<D`#ÉSŁlkijc_#bZcg¤Łlkijc_E]#iPkijc_
¬<87:9=sgF= 3@qo7E¤sgU>AF EW<ÌDIGﬂ7EUG=sgF EW<?G 7 ( 9=sﬂ<A ﬀ.
:KE ESsﬂ<'&l9oES ³U>AF ES<ADIG ﬀ.
Í
P¡

Ú~Ú~ÕaÛ~èZØUÚ\Ö³ÕMÖ
 
Ú~Û~ÜÝ
I
¥ﬂ§M¡´M®Ã¯W¥ﬂ¶À
´M±U§M¡¾´MP¡¾Ç¥£±¡Sµ´j¥Þ{¡S¢®o¢ä·°¼´MP¡¾µq¡Z²¥¢°´M¸¯+¥ﬂ´q´q§M¸·P±U´M¡Sµ%­¡ZËP¢P¡W­
¸¢KS
û
[
ß
ÄÍ
®+¥gÇo®o¸¦­¯S®¢¹?±µq¸®o¢
½
ö¥ﬂ´q´q§M¸·±´M¡Sµq÷®ﬂ¹I§M¡S£¦¥ﬂ´M¸®o¢P¥£P´j¥ﬂ·P£¡Sµ
Á¬¸££=·I¡±¢P¸N¹?®ﬂ§M²³£N¼Ã§M¡a¹?¡Z§q§M¡W­Ã´M®³¥µöX¯Z®o£±P²³¢µq÷
Ä

¡S¯W¥ﬂ££U´MP¥ﬂ´lSﬃ¥µqµq®°¯S¸¦¥g´M¡SµÆÁ¬¸N´M¡S¥¯j¡S£¡S²³¡S¢°´H´\¼U¶I¡"( ¥ã´M±P¶£¡ZÀ
¹A®§M²¥g´q´M¡W­
Ç¥ﬂ§M¸¦¥ﬂ·P£¡
6
(
Äú
®ﬂ§¡W¥ﬂ¯a'µq±P¯j'Ç¥ﬂ§M¸¦¥·£¡
6
(
½
£¡Z´
ý ~
I
(
·I¡¥Ã§M¡S£¦¥g´M¸¦®¢êÁ¬¸N´M#¯S®o£±P²³¢µ,²¥g´M¯a¸¦¢¨Ã´M¡¥g§M¸N´X¼#¥¢P­É´\¼U¶I¡'®ﬂ¹
6
(
½
¥£®¢P¨êÁ¬¸N´Mî¥#¯Z®o£±P²³¢¹A®§¤Û (º¸N¹¾¥¢í¡Z»U¸µ´M¸¦¢¨ê¨ﬂ§M®o±¶î®ﬂ¹
¥g´q´q§M¸·P±´M¡Zµ­®°¡Sµ¢®´µq¡a§MÇ{¡'´M¸¦µã§M®o£¡
Ä'ú
±§q´M¡Z§
½
¸¢#´M¡'¯Z®o¢°´M¡Z»´
®ﬂ¹%¥¤­P¥g´j¥·E¥ﬂµq¡¸¦¢µ´j¥¢¯S¡ [
½
¥µqµq±²³¡´ME¥g´
ý~
I
(5¸µ
¶I®o¶±P£¦¥ﬂ´M¡W­
Á¬¸N´M¥££´MP¡
û
¢®o¢UÀ
Gﬃ"IﬀI
ß
Ç¥£±¡Sµ´j¥Þo¡S¢î®¢î·°¼
6
( ­U±§M¸¢P¨ê¥¢
¡ZÇo¥ﬂ£¦±P¥ﬂ´M¸®o¢®¹ S#®o¢ [
Ä
ç¡­U¡ZËE¢¡ﬃ¡S¥¯jî¥g´q´q§M¸·P±´M¡§M¡S£¦¥ﬂ´M¸®¢
½¬ý~
I
(
½
¸¢í´M¡Z§M²³µ
®¹,¥
Ê°±¡Z§q¼2g

+ 
¸¢Ç{®£¦Ç¸¢P¨ã´MP¡®´M¡Z§z¥ﬂ´q´q§M¸·P±U´M¡ﬀ§M¡S£¦¥ﬂ´M¸®o¢µﬀ¥ﬂ¢E­'´M¡
§M¡Z£Ì¥g´M¸®o¢Pµ%®¹o[
ÄÆÍ
®­U¡ZËE¢¡5g

+ 
Á¡,ËP§Mµ´§M¡aÁ§M¸´M¡+áZå)«Ê°±¡Z§M¸¡Sµ
¡Z²·I¡W­­¡W­¾¸¢@S´M®,Ê°±¡Z§M¸¡Sµ)´MP¥ﬂ´=´j¥ﬂÞ{¡
ý~
I
$
½
¸¢µ´M¡W¥o­+®¹P¥%µq¸¢¨o£¡
´M±¶P£¡
6
$
½
¥ﬂµ¥
¶P¥ﬂ§j¥ﬂ²³¡Z´M¡Z§
Ä0	
¶I¡S¯S¸NËE¯W¥ﬂ££¼
½
¯Z®o¢Pµq¸¦­U¡Z§¬¶§M®­U±P¯Z´M¸®o¢µ
$ﬂV
&
¸¢Á¬P¸¯j%(Â¥¶P¶I¡S¥ﬂ§Mµ¬®o¢ä¸N´Mµ§M¸¨o°´qÀE¥ﬂ¢E­ﬃµq¸¦­U¡
û
á
ß
Ä
û
ïWß
ú
®ﬂ§³¶§M®­U±P¯Z´M¸®o¢µ®¹ã´MP¡Ã¹?®§M² $ V (
v
Á¬¸N´Mî¥µqµq®°¯S¸¦¥g´M¡W­
µq¡Z²¥¢°´M¸¯§M±P£¡
6
( f g
û
6
$
ß
½¬ý~
I
( ¸¦µ³´M¡±P¢¸®o¢
½
®gÇ{¡Z§Ã¥££
Ç¥£±¡Sµz®ﬂ¹
6
$ ¸¢
ý ~
I
$
½
®ﬂ¹Tg
û
6
$
ß
Äâ
¢³¥¾²¥¢¢P¡Z§Æµq¸²³¸£Ì¥g§´M®¾´M¡
£¡SÇo¡S£NÀX¥g´qÀ\¥ﬂÀw´M¸²³¡ã¶U§M®°¯S¡Sµqµq¸¢P¨'®¹
Ñ ÒﬂÓ
½
´M¸µÊ°±P¡Z§q¼¯W¥¢Ã·I¡%§M¡aÁ§M¸´q´M¡Z¢
¥ﬂµ;g
s
½
Á¬P¸¯a¤´j¥ﬂÞ{¡Sµ%¢P®¶E¥g§j¥²³¡Z´M¡Z§Mµã·P±U´,¥­P­U¸´M¸®¢E¥££N¼#¥¯Z¯S¡Sµqµq¡Sµ
ý~
I
$
Ä¾Í
P¸µ¾¸µ¥ﬂ¯S¯S®o²³¶£¸¦µq¡W­
½
§M®±P¨P£N¼
½
·°¼É¥
ß
¥o­P­U¸¢P¨
ý ~
I
$
´M®+´MP¡
Zﬀ H
£¸µ´®¹Tg
½
¥¢P­³·
ß
§M¡S¶P£¦¥¯Z¸¦¢¨
§M¡a¹?¡Z§M¡S¢¯S¡Sµ´M®
6
$ ¸¢
g
Á¬¸N´M´M¡¯S®§q§M¡Zµq¶I®o¢E­U¸¢P¨§M¡Z¹A¡Z§M¡S¢¯S¡Sµ¬´M®
ý ~
I
$
Ä
û
ôß
â
¹e(¥¶P¶I¡S¥ﬂ§Mµ%¥µ%µq®o²³¡;(
G
Á¬¡S¢
&
¸µ.(
*
ﬃ

ﬃ
(
+
½
´M¡S¢Dg
s¸µ
¥ﬃµq¸²³¶£¦¡µq¡S£¡S¯Z´M¸®o¢íÊ°±P¡a§q¼ä¹A§M®²
ý ~
I
$ ´ME¥ﬂ´¾¶§M®

¡S¯Z´Mµ+ËE¡Z£Ì­Uµ
¥ﬂ¯S¯S®ﬂ§j­¸¢P¨´M® `
G
û
6
$
ß
û
µq¡Z¡
	
¡S¯Z´M¸®¢
ôoß
Ä
û
*oß
â
¹6( ¥¶P¶I¡S¥ﬂ§Mµ¾¥ﬂµ,µq®²³¡=(
G
¸¢
&
¸µ5(
*
-

-
(
+
´MP¡S¢9g
s
¯S¥¢#·I¡
Á§M¸N´q´M¡S¢ê¥µ
!< IﬂﬁdZﬀﬂH
ý ~
I
$
M ﬀﬂ 
`
û
M
ß
`
H
Ä
n
®´M¡%´ME¥ﬂ´zÁﬀ¡,¥µqµq±P²³¡¬¹?±U§q´MP¡Z§z´ME¥g´K`
û
M
ß
¸µﬀ¯S®²³¶P±´j¥ﬂ·P£¡%¸¦¢³´M¡
­U¸¦¥£¡S¯Z´ã®¹áZå)«±µq¡W­Ã´M®¡a»¶U§M¡SµqµKg
s
Ä
â
´%¸¦µ¬¢®gÁµq¸²³¶P£¡¾´M®¨¡S¢P¡Z§j¥ﬂ£¸¦ëZ¡
´M¸¦µ¬¯S®¢Pµ´q§M±¯Z´M¸®o¢ä´M®P¥¢E­U£¡
´M¡,¯W¥ﬂµq¡¾Á¬P¡Z§M¡S( ¥¶P¶I¡S¥ﬂ§Mµ¬®o¢´MP¡

á%®¹=²±P£N´M¸¶P£¡%§M±P£¡Sµ¸¢bS
Ä
	
±P¶¶I®oµq¡´ME¥ﬂ´H¸´H¥¶¶I¡W¥ﬂ§Mµ®¢+´M¡

áÆ®¹U§M±P£¡
C
*
ﬃ
C
U
ﬃ

ﬃ
C
+
½
¥¢E­
´MP¥ﬂ´g
s
G
¸¦µ
­U¡ZËE¢¡W­¤¶I¡Z§´MP¡­¸µq¯S±Pµqµq¸®¢¥·I®gÇ{¡
Ä³Í
P¡Z¢g

+

¸µ¬¹?®ﬂ§M²³¡W­ﬃ·°¼´j¥Þ¸¢P¨
´MP¡
û
­¸µ´M¸¢P¯a´
ß
±P¢P¸®¢®¹Æ¥ﬂ££Tg
s
G
Ê°±P¡a§M¸¦¡Zµ
Ä
ú
®§¡Z»¥ﬂ²³¶P£¡
½Uú
¸¨
Ä
õ
µq®WÁ¬µﬀ´MP¡ã­¡ZËP¢P¸N´M¸®o¢Ã®¹=´\Áﬀ®'¥ﬂ´q´q§M¸·P±U´M¡ZÀ
§M¡Z£Ì¥g´M¸®o¢#¨o¡S¢¡Z§j¥ﬂ´M¸¢P¨ﬃÊ°±P¡Z§M¸¡Sµ%Á¬P¡S¢¤´M¡+§M¡Zµq±P£N´M¸¢P¨¯S®o¢µ´q§M±P¯Z´M¸®¢
¸µã¥¶¶P£¸¡W­Ã´M®´M¡¾ÎÏIÐ S
=
®ﬂ¹
ú
¸¨
Ä
*
Ä
ç¡­¡Z¢P®´M¡·°¼
$ U
û
S
ß
´M¡¾µq¡Z´%®¹¥££ g

+ 
Ê°±P¡Z§M¸¡Sµ¹A®§qS
Ä
	FE<?G0ESFE<AGH<?Go7 3@qo7E ﬀ.
¡¤¢P¡a»U´ﬃ­U¡Sµq¯Z§M¸·I¡ê®WÁ5´M®7¯W¥ﬂ¶´M±U§M¡
´M¡ê¡S­¨o¡É§M¡S£¦¥ﬂ´M¸®¢Pµä®ﬂ¹
´M¡ê©lª¬«Ç¸¡ZÁ
Äﬁﬀ
¡Z´íÖ
ﬂ
~
$ ( ·I¡#¥
§M¡Z£Ì¥g´M¸®o¢ÉÁ¬¸´Mä´\Áﬀ®¯S®£¦±²³¢Pµ
½
Û  $ ¥¢P­çÛ (
Ä
¡+¯Z§M¡W¥g´M¡'µq±¯a
¥,§M¡Z£Ì¥g´M¸®o¢³¸N¹a(ó¥¶¶I¡W¥ﬂ§MµÆ®o¢'´MP¡

áﬀ®¹µq®²³¡%¶U§M®­±¯Z´M¸®o¢¹A®§6$
Ä
ç¡®gÇ{¡Z§M£®{¥­´MP¡
	
Þ{®o£¡S²¹A±P¢P¯a´M¸¦®¢
ý~
I
H
­U¡Sµq¯Z§M¸·I¡W­¸¢
	
¡S¯Z´
Ä
*
´M®¯S®o²³¶±´M¡,´M¡¾±P¢¸ÌÊ°±¡¾¸¦­>H
M
¹Ì§M®o² ¥'§M¡Z£Ì¥g´M¸®o¢E¥ﬂ£=´M±P¶£¡
M
Ä
ç¡¬¢P®WÁu­U¸¦µq¯Z±Pµqµ®WÁ´M®+­¡a§M¸¦Ço¡ãÊ°±¡Z§M¸¡Sµz´M®+­U¡ZËE¢¡¬´M¡Sµq¡¬¡W­¨¡
§M¡Z£Ì¥g´M¸®o¢Pµ¸¢É´M¡Z§M²³µ,®ﬂ¹¥g´q´q§M¸¦·±´M¡+§M¡S£¦¥ﬂ´M¸®o¢µ+¥¢P­#·P¥µq¡'§M¡Z£Ì¥g´M¸®o¢Pµ
Ä
Q
µ·I¡Z¹?®ﬂ§M¡
½
¯S®¢Pµq¸¦­¡a§ËP§Mµ´+¶§M®­U±P¯Z´M¸®¢Pµ®¹´MP¡¹A®§M² $TV (
v
½
Á¬¡Z§M¡
6
( f g
û
6
$
ß
¸¦µ¬´MP¡+¥ﬂµqµq®°¯S¸¦¥ﬂ´M¡W­¤µq¡S²¥ﬂ¢°´M¸¦¯§M±£¦¡
Äﬀâ
¢ﬃ´MP¸µ
¯S¥µq¡
½
Ö
ﬂ
~
$ (¸µl´MP¡µq¡Z´H®ﬂ¹U¶E¥¸N§Mµ
û
H
M
ﬃ
HﬂE
ß
µq±¯a¾´MP¥ﬂ´
M
7
ý ~
I
$

MS`ﬃ'D>qijc_?~{MﬂmSf@?! "  Abﬂhf>!ﬃ<DÃWeﬂ_qp#°MSgegf%$A

MS`ﬃ'E">jMi?ﬃMSŁ&?ŁC MSŁ&?ŁC Mi?haegfgm<A
egfﬂijgehﬂgfçbﬂh'&
hZfgmSfﬂia	
ﬁ;A D b
>qiPkijc_?³iPk?{MﬂmSf@?%DAÃWeﬂ_qp(ﬃ'D
Wc°a_ac
hZfgmSfﬂia)
ﬁ;A D b
>\SŁ Aﬂ?

ﬁﬂA DEb
>qiPkijc_?iPk?{MﬂmSf@?%DAﬂ?
cWmWm?+cWmWm?$%%\iS_agehZf**
Weﬂ_qp ﬃ'E¤SŁ&?+ŁgegfSegfC#Ł&?'iS_agehZfçi

`ﬂfSegf Łlkijc_<D`#ÉSŁlkijc_#bZcg¤Łlkijc_E]#çiPkijc_
bZcgÉSŁlkhaegfgm]# %%?ŁgegfSegfC**
Wc°a_ac
hZfgmSfﬂia cWmWm?+cWmWm?ijc_ÉbﬂhﬃŁC Mi?
ijc_¤bﬂhﬃŁC MSŁ ?$%%?ŁgegfSegfC**
Weﬂ_qp ﬃ'E¤i

`ﬂfSegf iPkhaegfgm]# %%\iS_agehZf** *
hZfgmSfﬂia#{Zha{qcoia7ijc_?
{MﬂmSf@?'gbS
Weﬂ_qp ﬃ'E@?iS_agehZf

`ﬂfSegf+ﬃ'EIkhaegfgm#%%\iS_agehZf**bZcgﬃ'EIkXMi;#iS_agehZfIkijc_
¬<87>9=sg),:=
  ﬂﬁﬃ ﬂ!ﬀ# 
DEssﬂpA9)sRﬀW< GI ﬀ)Aﬂ;=DCêF
¥¢P­E57%g
û
M
ß
½
Á¬P¡Z§M¡H
M
`
ý ~
I
H
û
M
ß
¥¢P­HﬂE
`
ý~
I
H(
û
E
ß
ÄzÍ
®
­¡a§M¸¦Ço¡¾¥Ê°±¡Z§q¼
g
 
-



¹?®§ã¥ﬂ¢ﬃ¡W­U¨o¡,§M¡Z£Ì¥g´M¸®o¢íÖ
ﬂ
~
$ (
½
Áﬀ¡
¯W¥ﬂ¢¡S²³¶P£®W¼+´MP¡ﬀµM¥ﬂ²³¡ﬀ§M¡ZÁ§M¸N´M¸¢P¨+¥µ¹?®ﬂ§z´M¡¥ﬂ´q´q§M¸·±´M¡ﬀ§M¡S£¦¥ﬂ´M¸®¢Pµ
½
Á¬¸N´Mî´M¡ﬃ¹?®££¦®WÁ¬¸¢P¨7¯jE¥ﬂ¢P¨¡Oä´MP¡ﬃµq¡S£¡S¯Z´£¸µ´®¹¾´M¡ä¥g´q´q§M¸¦·±´M¡
§M¡S£¦¥ﬂ´M¸®¢³¸¦µ§M¡S¶£Ì¥ﬂ¯S¡W­'Á¬¸N´M
û
H
M
ﬃ
HﬂE
ß
ÄÍ
¡¬­¡ZËP¢P¸N´M¸®o¢®ﬂ¹g
 




¸µ¬µq¸¦²³¸£¦¥ﬂ§%¹?®ﬂ§%¶§M®­±¯Z´M¸®o¢µ%®ﬂ¹®´M¡Z§¬¹?®ﬂ§M²³µ
Ä
Í
P¡zµq¡Z´®ﬂ¹E¥ﬂ£¦£ g
 




Ê°±P¡Z§M¸¡Sµ)¹?®§BS³¸¦µ­U¡S¢P®ﬂ´M¡W­·°¼
ﬁ
U
û
S
ß
Ä
Q
µ¥¢¡Z»¥²³¶£¡
½Uú
¸¨
Ä
ñ
µqP®WÁ¬µ´XÁ®'¡S­¨o¡aÀ§M¡Z£Ì¥g´M¸®o¢¨¡S¢P¡a§j¥ﬂ´M¸¢P¨
Ê°±P¡Z§M¸¡Sµ%­U¡Z§M¸Ç{¡W­Ã¹Ì§M®o²"´M¡S
=
ÎÏIÐê®ﬂ¹
ú
¸¦¨
Ä
*
Ä
  .-6 t
D0Cê@B9oEW<?Go7 :KEgEZs< &l9oESÃFEGrq 3 qo7E+³U>AF ES<ADIG ﬀ³<8EW;
áSål«äææ
<?G=Fs`³pA9=s\ﬀW<ADEG
Q
µH´M¡§M±P¢¢P¸¢P¨ã¡Z»¥²³¶£¦¡¸¦££±Pµ´q§j¥g´M¡Sµ
½
´MP¡ﬀ¥ﬂ´q´q§M¸·P±U´M¡§M¡S£¦¥ﬂ´M¸®o¢µ
¥ﬂ§M¡z¶I®´M¡S¢°´M¸¦¥££N¼²'±´M±E¥ﬂ££¼ã§M¡S¯S±U§Mµq¸¦Ço¡
½
¥¢E­¾´M¡Æ¡S­¨o¡Æ§M¡S£¦¥ﬂ´M¸®o¢µ­¡aÀ
¶I¡S¢P­+®¢
´M¡ﬀ¥g´q´q§M¸¦·±´M¡Æ§M¡S£¦¥ﬂ´M¸®o¢µ
Äú
±§q´M¡Z§M²³®§M¡
½
¡S¥¯j¥g´q´q§M¸¦·±´M¡
§M¡S£¦¥ﬂ´M¸®¢Ã¯S¥¢·I¡§M¡S£¦¥ﬂ´M¡W­´M®+¸N´Mµq¡S£N¹)¥¢E­®ﬂ´MP¡Z§¥ﬂ´q´q§M¸·±´M¡§M¡S£¦¥ﬂ´M¸®o¢µ
´M§M®±P¨É¥Ço¥g§M¸¦¡a´X¼ä®ﬂ¹¶E¥g´MPµ
½
§j¥ﬂ¸¦µq¸¢¨´M¡+¶I®oµqµq¸·P¸£¸N´X¼ä´MP¥ﬂ´ã¯S®o¢UÀ
¯S£±E­U¸¢P¨¡ZÇo¥ﬂ£¦±P¥ﬂ´M¸®o¢®¹±¶­P¥ﬂ´M¡Zµﬀ´M®´MP¡,¥ﬂ´q´q§M¸·P±U´M¡¾§M¡S£¦¥ﬂ´M¸®o¢µ¬Á¬¸££
·I¡¡Z»U¯S¡Sµqµq¸Ç{¡Z£¼ﬃ¯S®²³¶P£¡Z»
Äú
®ﬂ§q´M±P¢E¥g´M¡S£N¼
½
´MP¸µ¬¸¦µ¬¢®´¬´MP¡¾¯S¥µq¡
Ä
u¸¦£¡%´MP¡¾¥g´q´q§M¸·P±´M¡%§M¡S£¦¥ﬂ´M¸®o¢µ%¥ﬂ§M¡,§M¡S¯Z±§Mµq¸Ç{¡
½
´MP¡a§M¡¾¥ﬂ§M¡ãµq±P·UÀ
µ´j¥¢°´M¸¦¥£¯S®o¢µ´q§j¥¸¢°´Mµê®¢´MP¸µ¤§M¡S¯S±§Mµq¸®¢
Ä
9
®o¢µq¸¦­¡Z§#´MP¡§M¡Z¹ÌÀ
¡Z§M¡S¢¯S¡Sµ¸¢í´MP¡ﬃÊ°±P¡Z§q¼Yg
ý ~
I
$Ô´M®#®´M¡Z§¥g´q´q§M¸¦·±´M¡§M¡S£¦¥ﬂ´M¸®o¢µ
(
ﬃ-.Sﬃ

Äú
¸N§Mµ´
½
®o·µq¡Z§MÇ{¡+´ME¥ﬂ´,µq±P¯j#¥³§M¡Z£Ì¥g´M¸®o¢Pµq¸¶ê¯W¥ﬂ¢P¢®´·I¡
²¥o­U¡,Ç¸¦¥ÃÝIÖ
ý

Ú~ÛwÜÝ
û
¸¢ﬃ´M¡0/¥g´j¥£®o¨³µq¡Z¢Pµq¡
ß
½
´ME¥g´¬¸µ
½
´M¡ã§M¡Z¹A¡Z§qÀ
¡S¢¯S¡z´M®K(u¯W¥¢¢P®ﬂ´¥¶¶I¡W¥ﬂ§H¸¦¢
¥
G"H< 21"ﬀ!"!
¯S£¦¥±Pµq¡z¸¢=g
ý ~
I
$
Ä
	
¡Z¯S®o¢P­
½
¢®´M¡¬´ME¥ﬂ´Æ§M¡Z¹A¡Z§M¡S¢P¯Z¡Sµz´M®´XÁ®
­¸ ¡Z§M¡S¢°´¥ﬂ´q´q§M¸·P±U´M¡SµÆ§M¡Z£Ì¥gÀ
´M¸®o¢µ
½
¹?®ﬂ§,¡Z»¥ﬂ²³¶P£¡;("¥ﬂ¢E­
.
½
²±Pµ´¬·I¡²¥­¡¸¢´\Áﬀ®­¸ ¡Z§M¡Z¢´
µq±P·Ê°±¡Z§M¸¡Sµ=®ﬂ¹Bg
ý ~
I
$
½
µq±P¯j+´MP¥ﬂ´l´MP¡Sµq¡Æµq±P·Ê°±¡Z§M¸¡SµH¥g§M¡

®¸¢P¡W­
®o¢£N¼³·°¼´MP¡¬´M®o¶UÀ£¦¡ZÇ{¡S£
ﬃﬀG"HG
®¶I¡Z§j¥ﬂ´M®ﬂ§¸¢´q§M®­U±P¯S¡S­·°¼'´MP¡%¯S®o¢UÀ
µ´q§M±P¯a´M¸¦®¢
Äú
¸¢E¥££N¼
½
µq¸¦¢¯S¡¡Z»U¶U§M¡Sµqµq¸®o¢Pµ+¥g§M¡¢P®ﬂ´
¥££®WÁﬀ¡W­ç¸¢É´MP¡
!< I<ﬂﬁ
¯S£¦¥±Pµq¡Zµ,®¹Ç¸¡ZÁÀ\­¡aËE¢P¸N´M¸®o¢äÊ±¡Z§M¸¡Sµ
½
¥ﬂ¨o¨§M¡Z¨{¥ﬂ´M¡
¡Z»U¶§M¡ZµÀ
µq¸®o¢µ%Á¬¸¦¯jä­U¡S¶I¡S¢P­ﬃ®o¢ä¥ﬂ´q´q§M¸·P±U´M¡,§M¡S£¦¥ﬂ´M¸®o¢µ%Á¬¸££=¢®´ã¥¶¶I¡W¥ﬂ§
Ä
R
¸Ç{¡S¢´M¡Sµq¡%§M¡Zµ´q§M¸¦¯a´M¸¦®¢Pµ
½
´MP¡%¯S®²³¶P±´j¥g´M¸®o¢³®¹´M¡,¥g´q´q§M¸¦·±´M¡
¥¢P­Bjg®§%¡W­¨¡,§M¡S£¦¥ﬂ´M¸®¢Pµ%¯W¥¢ﬃ·I¡+¥¯S¯S®²³¶P£¸µqP¡W­Á¬¸N´Mﬃ´MP¡¾áSå)«ﬃææ
<@  ﬂﬁﬃ ﬂ!ﬀ# 
¯S®¢Pµ´q§M±P¯a´
Ä3ﬀ
¡Z´.
0
·I¡¥µq¡Z´
®¹¬¡W­U¨o¡¥ﬂ¢E­
¥ﬂ´q´q§M¸·±´M¡ﬀ§M¡S£¦¥ ´M¸®¢À¨o¡S¢¡Z§j¥ﬂ´M¸¢¨Ê°±P¡a§M¸¦¡Zµ¹Ì§M®o²TSﬃÁ¬¸¦¯j¡S¸N´M¡Z§¸¢UÀ
¯S£±E­U¡Sµ
¥££Æ®¹´MP¡¥ﬂ´q´q§M¸·P±U´M¡§M¡S£¦¥ﬂ´M¸®o¢µ'®ﬂ§'¥££®ﬂ¹ﬀ´MP¡¡S­¨o¡§M¡Z£Ì¥gÀ
´M¸®o¢µ
Ä4ﬀ
¡Z´05
6
·I¡
¥¨§j¥ﬂ¶Pä¸¢äÁ¬P¸¯j´MP¡a§M¡
¸µã¥¢P®­U¡¾¹?®§ã¡W¥ﬂ¯a
Ê°±P¡Z§q¼
¸¢.
0
¥¢P­¥¢¡W­¨¡¬¹Ì§M®o² g

´M®;g

¸ Dg

§M¡a¹?¡Z§Mµ´M®¾´MP¡
Ç¸N§q´M±E¥£§M¡S£¦¥g´M¸¦®¢
ý ~
I
$¸¢ê´M¡¹A§M®² ¯S£¦¥±Pµq¡
Ä7ﬀ
¡Z´
j
=
*
ﬃ

ﬃ
j
=
+
·I¡,´M¡¾¯S®o¢¢P¡S¯a´M¡W­ﬃ¯S®²³¶I®o¢¡S¢°´Mµ®¹H´M¸¦µ¨ﬂ§j¥¶
Ä
¡,¢P®WÁC²³¡Z§M¨o¡
¯S®²³¶I®o¢P¡Z¢´Mµ
¥ﬂ¢E­ç¨¡S¢P¡Z§j¥g´M¡ﬃ¶I®µqµq¸·P£N¼ç§M¡S¯Z±§Mµq¸Ç{¡ÃÊ°±P¡Z§M¸¡Sµ
½
¥ﬂ£®o¢P¨
´MP¡zµM¥²³¡z£¦¸¢¡Sµ¥µ
ÑNïgòWÓ
Äú
¸§Mµ´
½
µq¸¢P¨o£¡Z´M®¢¯S®²³¶I®o¢¡S¢°´Mµ=Á¬¸N´M®o¢£N¼
¥¬µq¸¦¢¨o£¡¸¢¯S®o²³¸¢P¨¬¡W­U¨o¡z¸¦µ=²³¡Z§M¨o¡W­¾Á¬¸N´M´MP¡Æµq®o±U§M¯S¡¯S®²³¶I®o¢¡S¢°´
Ä
ﬀ
¡a´'´M¡§M¡Sµq±P£N´'®¹´MP¸µ
¶§M®°¯S¡Zµqµ·I¡
j
*
ﬃ

ﬃ
j
+
ÄÉú
®§
¡W¥¯j7µq±P¯j
¯S®²³¶I®o¢P¡Z¢´
j
G
½
¸N¹%¸´'¸µ¥ﬂ¯Z¼U¯S£¸¦¯
½
´M¡S¢í¥¤µq¡Z´®ﬂ¹
J
ÖaÕ
ý
ÖZé

ØPÖaÕaÛÖ
I
½
∆ T
∆ Q
Bud−Cut
generation
∆ T
RDB  I
hashing
index
H
subtree
pool
T
I∆
ATG ATGparsing
update
XML view
Q
Bud completion
Updating  T
σ
¬<87:9=sg F=	ó< qrqH>A
FPsg :Ãs&Aﬂ;H<8ESpAEg9=sg

g
l
½
¹A®§
´MP¡³¯S®²³¶I®o¢¡S¢°´+¯W¥¢7·I¡­U¡ZËE¢¡W­
ÄﬃÍ
P¡¢±P²'·I¡Z§®ﬂ¹
Ê°±¡Z§M¸¡Sµﬀ¶§M®­U±P¯S¡S­³Á¬¸££­¡Z¶I¡S¢E­³®o¢³´M¡ã¯jP®¸¦¯Z¡Sµﬀ²¥o­U¡%¹A®§¬Ê°±¡Z§q¼
²³¡a§M¨o¸¢P¨
Ñ Ò
½
ïoïaÓ
½
¥¢P­ﬃßEÎEÐ#µ´q§M±¯Z´M±§M¡Sµz¯W¥¢Ã·I¡,P¥¢P­£¡W­³Á¬¸´Mﬃ¥¢
¡Z²·I¡W­­¡W­

¯S£¦¥ﬂ±Pµq¡+¥µ¬µq±¨o¨o¡Zµ´M¡W­ä·°¼
ÑNïWògÓ
Ä
â
¹=´M¡¾¯S®o²³¶I®¢P¡S¢°´¸¦µ¬¯Z¼U¯S£¸¯
½
¥'µq¸¢P¨£¡¾§M¡S¯S±§Mµq¸Ç{¡¾Ê±¡Z§q¼

g
l
¸µ­U¡ZËE¢¡W­ä´M®¯S®o²³¶±´M¡+´MP¡ﬃÜØÚ\ÖaÕØÝPÛwÜﬂÝ®ﬂ¹ﬀ¥ﬂ£¦£H´M¡Ç¸N§q´M±E¥ﬂ£=§M¡ZÀ
£¦¥g´M¸¦®¢Pµ%¸¢
j
G
Á¬¸N´M´MP¡,¹A®o££®WÁ¬¸¦¢¨µ´M¡S¶PµO
û
ïWß
Í
P¡äµq¯jP¡S²¥#®¹

g
l
¸µ³´MP¡ä±¢P¸®o¢î®¹+¥ﬂ£¦£%¯S®£¦±²³¢Pµ¥ﬂ¶À
¶I¡S¥ﬂ§M¸¢P¨'¸¦¢ﬃ¥¢°¼Ê°±¡Z§q¼³®¹
j
G
¶£¦±µ¥¢ﬃ¥o­­¸N´M¸®o¢P¥£
!  I
¥ﬂ´q´q§M¸·P±U´M¡
¸¢°´M¡S¢P­¡W­ê´M®¤¡Z¢P¯S®­U¡Á¬¸¯a7Ç¸N§q´M±E¥ﬂ£z§M¡S£¦¥ﬂ´M¸®¢î¥ä¨¸Ç{¡S¢ç´M±¶P£¡¸¦¢

g
l
§M¡S¶U§M¡Sµq¡S¢°´Mµ
Ä
û
ôß
Í
P¡ﬀ¸¢¸´M¸¦¥ﬂ£U¯Z®o¢E­U¸N´M¸¦®¢'¹A®§

g
l
¸µH´MP¡±¢P¸®o¢
®¹P´MP¡ﬀÊ°±¡Z§M¸¡Sµ
¹A®§ã¢P®­U¡SµÁ¬¸´M¡W­¨¡Sµ¬¸¦¢¯S¸¦­¡S¢°´¬®¢
j
G
¸¢'5
6
Ä
û
*oß
Í
P¡+Ê°±P¡Z§q¼

g
l
¸µ´MP¡
ﬃﬀG"HG
®¹¥ﬂ££)®ﬂ¹´MP¡Ê°±P¡a§M¸¦¡Zµ%®ﬂ¹
j
G
Ä
â
¢¡W¥ﬂ¯a³µq±·Ê±¡Z§q¼
½
¸N¹=¥ã²³¡S¢°´M¸¦®¢´M®¥¾Ç¸N§q´M±E¥ﬂ£P¥g´q´q§M¸¦·±´M¡§M¡S£¦¥ﬂ´M¸®¢
ý~
I
$u¥¶¶I¡W¥ﬂ§Mµ
½
¸N´z¸µz§M¡S¶£Ì¥ﬂ¯S¡W­Á¬¸N´M¥¾§M¡Z¹?¡Z§M¡Z¢P¯S¡¬´M®

g
l
½
¥¢E­
¥¯Z®o¢

±P¢¯Z´M¸Ç{¡+¯S®o¢P­¸N´M¸®o¢¤¸µ,¥­P­U¡W­ﬃ´M®´MP¡¾Á¬¡Z§M¡+¯S£¦¥±µq¡
´M®¡Z¢À
µq±U§M¡¾´ME¥g´
!  I X	


PEµq¸²³¸£Ì¥g§M£N¼ﬃ¹A®§ã¡W­¨¡¾§M¡S£¦¥ﬂ´M¸®o¢µ
Ä
Q
¶P¶£¼U¸¢P¨ì´MP¸µ#¥£¨o®ﬂ§M¸N´MP² ´M®´MP¡7ÎÏIÐÂ®¹
ú
¸¨
Ä
*
½
Áﬀ¡7¨¡Z´
´\Áﬀ®î¯S®o²³¶I®¢P¡S¢°´Mµä¥g¹A´M¡Z§É²³¡a§M¨o¸¢P¨
Ä
s
¢P¡ç¯Z®o²³¶I®o¢¡S¢°´ä¯S®¢Pµq¸µ´Mµ
®ﬂ¹;g
 


l "!
ﬀ"#

 ﬀ

ﬀ
 ﬂ
¥¢E­dg
 


 ﬀ

ﬀ
 ﬂ
l "!
ﬀ#

½
¥¢P­ì¸µ³µq®gÁ¬¢
¥ﬂµﬃ´M¡¤£¦¸¢¡W¥ﬂ§qÀw§M¡S¯S±U§Mµq¸Ç{¡

9
ô
¸¦¢
ú
¸¨
Ä
ò
Ä
Q
££ã´MP¡ä§M¡Z²¥¸¢P¸¢P¨
Ê°±¡Z§M¸¡Sµ%¥ﬂ§M¡¸¢´MP¡,®´MP¡a§
½
Á¬¸¦¯jä¸µ¬¢P®ﬂ´%§M¡Z¯S±§Mµq¸Ç{¡
Ä
ç¡Æ§M¡a¹?¡Z§H´M®´M¡zµq¡Z´=®¹PÊ°±P¡Z§M¸¡Sµ

g
l
¨o¡S¢¡Z§j¥ﬂ´M¡W­¾¹A®§¥ﬂ¢
ÎÏIÐS
¥ﬂµ ,/.
0
Äâ
´Æ¸¦µ¡W¥ﬂµ¼´M®¾Ço¡Z§M¸N¹A¼
´MP¡¯S®ﬂ§q§M¡S¯Z´M¢P¡Zµqµz®ﬂ¹I´MP¡ﬀ²¥ﬂ¶P¶P¸¢¨DO
¹A®§¾¥¢°¼äÎÏIÐdSdOpU V X ¥¢P­ä¥¢°¼ﬃ§M¡S£¦¥ﬂ´M¸®o¢P¥£¸¢Pµ´j¥ﬂ¢P¯S¡@[Ã®¹!U
½
,/.
0
û
[
ß
¯S®²³¶P±U´M¡Sµ
ý ~
I
$¥¢P­uÖ
ﬂ
~
$ (Ô¹?®§¥££¥ﬂ´q´q§M¸·P±U´M¡Sµ
6
$¥¢P­ﬃ¶P¥ﬂ§M¡S¢°´qÀ¯a¸£Ì­Ã¡W­¨¡Sµ
û
6
$
ﬃ
6
(
ß
¸¦¢ﬃ´MP¡¾©lª¬«'Ç¸¡ZÁ S
û
[
ß
Ä
â
¢#§M¡Zµq¶I®o¢Pµq¡'´M®ﬃ§M¡S£¦¥ﬂ´M¸®¢E¥£z±P¶­¥ﬂ´M¡Sµ@e[
½
¡W¥ﬂ¯aê¡W­¨¡§M¡S£¦¥ﬂ´M¸®¢
Ö
ﬂ
~
$ (C­U¡ZËE¢¡W­·°¼+áSål«'ææ¾Ê°±P¡a§M¸¦¡Zµ , .
0
¸¦µ±¶­P¥g´M¡W­ÇU¸¦¥¬¸¢À
µq¡a§q´M¸¦®¢Pµz¥¢P­­¡S£¡Z´M¸®¢Pµ
Äâ
¢µq¡Z§q´M¸®o¢µ¥ﬂ¢E­­U¡S£¡Z´M¸®o¢µz®gÇ{¡Z§z¥ﬂ£¦£¡W­¨¡
§M¡Z£Ì¥g´M¸®o¢Pµ¥g§M¡z¯Z®o££¡S¯Z´M¡W­+¸¢´M®´\Áﬀ®¬µq¡Z´Mµ
ﬁ

¥ﬂ¢E­
ﬁ

½
§M¡Zµq¶I¡S¯Z´M¸Ç{¡S£N¼
Ä
Í
¡¾´XÁ®µq¡Z´Mµ
ﬁ

¥ﬂ¢E­
ﬁ

¥ﬂ§M¡+µq¡S¢°´´M®´M¡¾²³¸¦­P­£¡ZÁﬀ¥ﬂ§M¡²¥ﬂ¸¦¢UÀ
´j¥ﬂ¸¢P¸¢P¨,´M¡ﬀ¡Z»´M¡Z§M¢P¥£´q§M¡S¡
½
¥ﬂµÆ­¡Sµq¯Z§M¸·I¡W­'¸¦¢
´MP¡ﬀ£¦¥ﬂµ´zµq¡Z¯Z´M¸®o¢
Ä
Q
µ
²³¡Z¢´M¸®¢P¡W­ä¸¢É´MP¡
¸¦¢°´q§M®­U±P¯Z´M¸®o¢
½
´MP¸µ¾¥ﬂ¶P¶U§M®{¥¯jê¥µqµq±P²³¡Zµã´ME¥g´
´M¡±¢E­¡a§M£¼U¸¢P¨ÃßlàPª¬á'¸¢¯Z§M¡S²³¡S¢°´j¥££N¼¤¯S®²³¶P±U´M¡Sµ,¡W­U¨o¡'¯aP¥¢P¨¡Sµ
ﬁ

¥ﬂ¢E­
ﬁ

¥¢E­¹A±§q´MP¡a§ﬀ´ME¥g´´MP¡Zµq¡ã¸¢P¯a§M¡S²³¡S¢°´j¥£I¯jE¥ﬂ¢P¨o¡Zµﬀ¯W¥¢
·I¡¯S¥¶´M±U§M¡W­
½
¹A®§ã¡Z»¥²³¶P£¡,Á¬¸N´M´q§M¸¨¨o¡Z§Mµ
Ä
5. Bud-Cut Incremental Evaluation
Q
µ,­U¸µq¯S±Pµqµq¡W­ä¸¢ä´M¡¸¦¢°´q§M®­U±P¯Z´M¸®o¢
½
´MP¡¾§M¡S­±P¯a´M¸¦®¢É¥¶¶§M®{¥ﬂ¯a
¸µ¢®´¶U§j¥¯Z´M¸¯W¥ﬂ£¹A®§+²³¸¦­P­U£¡ZÁ¥g§M¡ZÀ·E¥µq¡S­#©lª¬«Ã¶±P·£¦¸µq¸¦¢¨ﬃµq¸¢¯S¡
¸N´Ã­U¡S¶I¡S¢E­Uµ®o¢¥ê¯S®²·¸¦¢P¥ﬂ´M¸®o¢ì®¹,¹?¡W¥g´M±§M¡Sµ¢P®ﬂ´¼°¡Z´¹?®o±¢E­ì¸¦¢
¡ZÇ{¡S¢´MP¡²³®µ´¥­Ç¥¢P¯Z¡W­¯S®o²³²³¡a§M¯S¸¦¥£ﬀßlàPª¬á
]
½
Á¬P¸£¡ﬃ²³¸¦­P­U£¡ZÀ
Áﬀ¥ﬂ§M¡ÆµqP®±P£¦­+­¡S¶I¡S¢P­,®o¢®¢P£N¼,´M¡²³®oµ´)¯S®o²³²³®¢ã¹?¡S¥ﬂ´M±§M¡Zµ
ÄÍ
P¸µ
®·Pµq¡Z§MÇ¥ﬂ´M¸®¢²³®´M¸Ç¥ﬂ´M¡Sµ±µ´M®,¶§M®o¶I®µq¡ﬀ´MP¡èZØ×oé\ÙZØÚ
 LL
ÕÜ

Ù³´M®
¸¢¯Z§M¡S²³¡S¢°´j¥££N¼#¡SÇ¥£±E¥g´M¸¦¢¨ÎÏIÐ
]
SﬂOFU V X
½
Á¬¸¦¯jê­®°¡Sµ+¢P®ﬂ´
§M¡SÊ±¸N§M¡¾´MP¡¾±¢E­¡a§M£¼U¸¢P¨ß)àª¬á,´M®µq±P¶¶I®§q´
<@  ﬂﬁﬃﬀ"!ﬀ# 
Ä
Q
²³¸¦­P­U£¦¡aÁ¥ﬂ§M¡ãµ¼Uµ´M¡S² ·P¥µq¡W­®o¢´MP¡ã·P±E­À¯S±´z²³¡S¯jE¥¢¸µq²¸µ
­U¡S¶P¸¯Z´M¡S­¸¢
ú
¸¨
ÄðUÄÆÍ
¡ãµ¼Uµ´M¡S²¸¢´M¡a§j¥¯Z´MµÁ¬¸N´MÃ¥¢±¢E­¡a§M£¼U¸¢P¨
ßlàPª¬á¾¥ﬂ¢E­Ã²¥¸¢°´j¥¸¢Pµ¬¥P¥µqﬃ¸¦¢P­¡Z»

¥ﬂ¢E­Ã¥µq±P·U´q§M¡S¡¾¶I®°®£l¹A®§
´M¡¡Z»´M¡Z§M¢P¥£©lª¬«ÃÇ¸¡ZÁ ^
û
S
û
[
ßqß
¥ﬂµ+­¡Sµq¯a§M¸¦·I¡S­#¸¢
	
¡S¯Z´
Ä
*
Ä'â
´
§M¡Zµq¶I®o¢E­Uµ´M®ç¥É§M¡S£¦¥ﬂ´M¸®o¢P¥£%±P¶­¥ﬂ´M¡ e[ç¸¢î´MU§M¡S¡¶E¥µq¡Zµ
Ä Í
¡
Ë§Mµ´ﬀ¶E¥µq¡
½
èZØP×éXÙZØÚ
ý
ÖaÝIÖaÕ

Ú~Û~ÜÝ
½
¸¦­¡S¢°´M¸NËE¡Zµ´MP¡¬¶I®§q´M¸®¢Pµﬀ®ﬂ¹)´M¡
¡a»¸µ´M¸¢P¨ä´q§M¡Z¡´ME¥ﬂ´Á¬¸££ﬀ·I¡³¥¡S¯Z´M¡W­ê·¼É´M¡³±P¶­P¥g´M¡Sµek[
½
¥¢E­
iaegfWbSgf{jf

GHb ﬀ;ﬁ
bﬂh
hZfgmSfﬂiaWeﬂ_qpîiS_agehZf

`ﬂfSegf¤c_Z#f{ZhahK>³hZfgmSfﬂia¤Weﬂ_qp+iS_agehZf#i

`ﬂfSegfÉiPkijc_x#êiS_agehZfIkijc_ A

  
-

ﬁﬀ

ﬀ
ﬃﬂ
l "!
ﬀ"#

"
hZfgmSfﬂia ŁlkijcgR?

ﬁ;A DEb
>\SŁ Aﬂ? 
ﬁﬂA DEb
>qiPkijc_?iPk?{MﬂmSf@? DAﬂ?
iPkijc_?iPk?{MﬂmSf@? DÃbﬂhgbS
Weﬂ_qp gfZc ŁgegfSegfCêSŁ&?ãŁgegfSegfCÉŁ&?'iS_agehZfi

`ﬂfSegf Łlkijc_<D`# SŁlkijc_ÉbZcg¤Łlkijc_E$#çiPkijc_
Wc°a_ac
hZfgmSfﬂia iPkijcgR?

ﬁ;A DEb
>\SŁ Aﬂ? 
ﬁﬂA DEb
>qiPkijc_?iPk?{MﬂmSf@? DAﬂ?
iPkijc_?iPk?{MﬂmSf@? DÃbﬂhgbS
Weﬂ_qp gfZc ŁgegfSegfCêSŁ&?'_WmZ ŁgegfSegfC#Ł&?+iS_agehZfçi

`ﬂfSegf Łlkijc_<D`# SŁlkijc_ÉbZcg¤Łlkijc_E$#çiPkijc_
¬<87:9=sgF=@?aGBAosgDCêUGFEZFE> (F9=sgrìDEs &l9rq 7EUG=sﬂFDEW<ADIG0.
¶§M®¶E¥ﬂ¨{¥ﬂ´M¡Zµe[ä´M®©lª¬«ﬃ¯jE¥¢¨o¡Sµ´M®Ã´MP¡ÉÖ Û
I
Ú~Û?Ý
ý
¢P®­¡Zµ¸¦¢#^
Ä
n
®­U¡Sµ%¯Z§M¡W¥ﬂ´M¡S­É¸¢ä´M¸¦µ%¶PP¥µq¡
¥ﬂ§M¡ÃèZØ×
I
½
Û
ü
Ö
üþ
´MP¡Z¼¥ﬂ§M¡
²¥ﬂ§MÞo¡W­
ØÝÖ 
Lp
ÝE×°Öq×ﬀP¥ﬂ¢E­ﬃ¢®­¡Sµ´M®'·I¡,§M¡S²³®gÇ{¡W­Ã¥ﬂ§M¡ÙZØÚ
I
ÄﬀÍ
¡¾µq¡S¯S®¢E­
¶PP¥µq¡
½
èZØ×ÙMÜ
JaL>
ÖaÚ~ÛwÜÝ
½
¯Z®o¢Pµ´q§M±¯Z´Mµﬀµq±·´q§M¡S¡Sµ±P¢E­U¡Z§z·P±E­Uµ
û
¥ﬂ¢E­
¨o¡Z¢P¡Z§j¥g´M¡Sµ¢¡ZÁ ·±E­Uµ
ß
½
´j¥Þ¸¢P¨í¥o­UÇo¥ﬂ¢°´j¥¨o¡É®ﬂ¹+ÎUÏEÐ¶§M®o¶I¡a§q´M¸¦¡Zµ
´M®¥WÇ{®o¸¦­ä§M¡S¯S®²³¶P±U´j¥ﬂ´M¸®o¢¤¥ﬂ¢E­§M¡S±µq¸¢P¨¡Z»U¸µ´M¸¦¢¨³µq±P·U´q§M¡S¡SµãÁ¬¡S¢
¶I®oµqµq¸·£¦¡
ÄÍ
¡´MP¸N§j­¶PP¥µq¡
½ý

ÕSè

ý
ÖÙMÜ

ÖqÙZÚ~ÛwÜﬂÝ
½
§M±¢Pµz¥ﬂ¹A´M¡a§ﬀ·P±P­
¯S®²³¶P£¡Z´M¸®o¢ä¸µËE¢¸µqP¡W­ﬃ¥¢E­§M¡S²³®gÇ{¡Sµ±¢§M¡W¥ﬂ¯aP¥·P£¡µq±·´q§M¡S¡Sµ
Ä
u¸¦£¡§M¡WÊ°±¸§M¸¢¨äµq¡SÇ{¡Z§j¥ﬂ£z§M®±P¢E­Àw´q§M¸¦¶µ·I¡Z´XÁ¡S¡S¢ç´M¡³²³¸¦­P­£¡ZÀ
Á¥g§M¡Ã¥¢E­ç´M¡ß)àª¬á
½
´MP¸µ
¥¶¶§M®o¥¯j7¸¦µ'¥·£¡´M®¤¡a»¶£®o¸N´®ﬂ´MP¡Z§
®o¶U´M¸²³¸¦ëS¥ﬂ´M¸®o¢µÆ·°¼+´j¥Þ¸¢P¨¾¥o­Ç¥¢°´j¥ﬂ¨o¡ﬀ®ﬂ¹I´MP¡ﬀµq¶I¡S¯Z¸ËP¯SµÆ®¹IÎÏIÐµq¡aÀ
²¥¢°´M¸¯Sµ=¥¢E­+©lª¬«¬Ç¸¡ZÁ¬µ
Äâ
¢+¶E¥ﬂ§q´M¸¯S±£¦¥ﬂ§
½
¥ﬂµH®o·µq¡Z§MÇ{¡W­¸¢
	
¡S¯Z´
Ä
*
½
µq¸¢P¯S¡'´MP¡
Ço¥ﬂ£¦±¡®ﬂ¹¥µq±P·´q§M¡Z¡
½
áZÏ
û
$
ﬃ
i
ß
½
¸µ­¡Z´M¡a§M²³¸¦¢¡W­¤·°¼ä´MP¡
´M±P¶£¡Ço¥ﬂ£¦±¡Si®ﬂ¹´MP¡¾µq¡S²¥ﬂ¢°´M¸¦¯+¥g´q´q§M¸·P±´M¡,®¹´MP¡,µq±P·´q§M¡Z¡
1
µ%§M®°®ﬂ´
¢P®­U¡
½
¯jE¥¢¨o¡Sµ
´M®ä´MP¡¯jP¸£¦­U§M¡S¢7®ﬂ¹%´M¡¡Z»U¸¦µ´M¸¢¨¤¢P®­¡Zµ¸¢´MP¡
´q§M¡S¡¬¯W¥ﬂ¢³·I¡%¯Z®o²³¶P±U´M¡W­'·°¼¥ NB °Öq×¬µq¡Z´®ﬂ¹l¢P®o¢UÀw§M¡S¯S±§Mµq¸Ç{¡¬Ê°±¡Z§M¸¡Sµ
Ä
ú
±U§q´MP¡Z§M²³®ﬂ§M¡
½
¥¢°¼7¢¡ZÁ"µq±·´q§M¡S¡ﬃáZÏ
û
$
ﬃ
i
ß
¯W¥¢í·I¡§M¡S±Pµq¡W­í¥ﬂ¢E­
´M±Pµ¾¢¡S¡W­Uµ,´M®·I¡¯Z®o²³¶P±U´M¡W­É¥ﬂ´²³®µ´®o¢¯S¡
Äâ
¢ê¥o­P­U¸N´M¸¦®¢
½
´MP¡
·P±P­UÀ¯S±U´³¥¶¶§M®o¥¯ju¥££®WÁ¬µÃ´M¡±P¶­¥ﬂ´M¡ä¶U§M®°¯S¡Sµqµ®¹,´MP¡¡a»U´M¡a§qÀ
¢E¥ﬂ£Æ´q§M¡Z¡^ ´M®§M±P¢#¸¢ç¶P¥ﬂ§j¥££¡S£ÆÁ¬¸´M#´MP¡¯Z®o²³¶P±U´j¥ﬂ´M¸®o¢ê®¹©lª¬«
¯jE¥¢¨o¡SµKe^
½
´M±Pµ
¸²³¶§M®gÇ¸¦¢¨´MP¡³§M¡Sµq¶I®¢Pµq¡´M¸²³¡
Ä#Í
P¸µ£¦¥ﬂµ´
¶I®o¸¢°´ã£¦¡S¥o­µ%´M®¥Ço¥g§M¸¡Z´X¼®¹Æ®o¶U´M¸¦®¢Pµ¬¹?®ﬂ§
  
Öaø

Ø

Ú~ÛwÜÝÃ®ﬂ¹z¸¢UÀ
¯Z§M¡S²³¡Z¢´j¥ﬂ£=±¶­P¥ﬂ´M¡Zµ
Ä%Í
E¥ﬂ´,¸µ
½
´MP¡+²³¸¦­P­£¡ZÁﬀ¥ﬂ§M¡+¯W¥ﬂ¢#®¶´M¸®o¢P¥££N¼
­¡a¹?¡Z§+¯S®²³¶P£¡Z´M¡'¶§M®°¯S¡Sµqµq¸¢¨ä®¹±¶­P¥g´M¡Sµ¾±P¢°´M¸£H´MP¡µq±P·´q§M¡Z¡Sµ¥ﬂ¹ÌÀ
¹?¡Z¯Z´M¡W­í·¼ç´MP®oµq¡±P¶­P¥g´M¡Sµ¥g§M¡¤¥¯Z¯S¡Sµqµq¡W­
Ä
u¡S¢7´MP¡Ã¡Z»´M¡Z§M¢E¥ﬂ£
Ç¸¡ZÁ ¸µ¾²¥ﬂ´M¡a§M¸Ì¥ﬂ£¸¦ëZ¡W­ê¥ﬂµ+¥¢É¸¢À²³¡S²³®ﬂ§q¼ﬃ´q§M¡S¡
½
¸N´¸µ¾¶I®µqµq¸·P£¡'´M®
µq±P¶¶I®§q´´q§M¡S¡¢P¥WÇU¸¨o¥ﬂ´M¸®o¢¤¯S®¢P¯S±U§q§M¡S¢°´Á¬¸N´Mä¶§M®°¯S¡Zµqµq¸¦¢¨
Ñ ò
½
ô*ﬂÓ
Ä
$8. ; ?gCê@H>ADCêUGFESFDEW<ADIG DP.ÃU>8ESF  K9=s<ÌOﬀ
Q
µqµq±²³¸¢P¨'´M¡¡Z»U¸µ´M¡S¢P¯S¡®ﬂ¹ÆÇU¸N§q´M±P¥£)¥ﬂ´q´q§M¸·P±U´M¡¾§M¡S£¦¥ﬂ´M¸®o¢µ
½
´MP¡
ËP§Mµ´¬µ´M¡Z¶¸µ´M®³­¡Z§M¸Ç{¡ã´XÁﬀ®'µq¡Z´Mµ¬®¹¸¢¯Z§M¡S²³¡S¢°´j¥£
û
¢®o¢§M¡Z¯S±§Mµq¸Ç{¡
ß
áSål«+Ê±¡Z§M¸¡Sµ¹A§M®²¡W­U¨o¡ZÀ¨¡S¢P¡Z§j¥g´M¸¢P¨+Ê°±P¡Z§M¸¡Sµ
ﬁ
U
û
S
ß
ÄÍ
P¡Zµq¡¬´\Áﬀ®
¹?®ﬂ§M²³µ®¹I¸¢¯Z§M¡S²³¡S¢°´j¥£UÊ°±P¡a§M¸¦¡ZµHÁ¬¸¦££·I¡ﬀ±Pµq¡W­
¸¢'´MP¡z·P±P­UÀ¯S±´H¨o¡S¢UÀ
¡Z§j¥g´M¸¦®¢¤¶PP¥µq¡¥ﬂ¢E­ﬃ´M¡¾·P±P­UÀ¯S®o²³¶£¡Z´M¸®o¢Ã¶PE¥ﬂµq¡
½
§M¡Sµq¶I¡S¯Z´M¸Ç{¡S£N¼
Ä
â
¢¯Z§M¡S²³¡S¢°´j¥ﬂ£Ê°±P¡Z§M¸¡Sµ®ﬂ¹,´M¡ﬃËP§Mµ´¹?®§M² ¥ﬂ§M¡¤­U¡Z§M¸Ç{¡W­í¥µ¹A®o£NÀ
£®WÁ¬µ
Äú
®ﬂ§¡W¥ﬂ¯aêÊ°±P¡Z§q¼9g
 
-



¸¢
ﬁ
U
û
S
ß
½
Á¡³­¡aËE¢P¡'¥#èZØP×
ý
ÖaÝÖaÕ

Ú~Û?Ý
ý
Ê°±P¡Z§q¼ê¹?®§M²³¡S­·¼ç¥o­­¸¢P¨#¥ﬂ£¦£z´MP¡¯S®o£±²³¢Pµ
®¹¬´MP¡
¥ﬂ´q´q§M¸·±´M¡
6
( ´M®
´MP¡ãµq¡S£¡S¯Z´%£¸¦µ´¬®ﬂ¹eg
 




Ä
Q
¢Ã¸¦¢¯Z§M¡S²³¡S¢°´j¥ﬂ£
¹?®ﬂ§M² ®¹H´M¸¦µ¬·±E­UÀ¨¡S¢P¡Z§j¥g´M¸¢P¨³Ê°±P¡a§q¼
½
e2g
 
-



½
¸µ%´M¡S¢¯Z§M¡aÀ
¥ﬂ´M¡S­·°¼'±µq¸¢P¨¥¾¯S®±P¢°´M¸¢P¨ã²³¡Z´MP®­
£¦¸Þ{¡
ÑNïWõgÓ
ÄÆâ
¢¥ã¢U±U´MµqP¡S££
½
ÑNïWõgÓ
¥µqµq®°¯Z¸Ì¥g´M¡Sµ¥çÙjÜﬂØUÝÚzÁ¬¸N´M¡S¥¯jç´M±P¶£¦¡¸¦¢¥Ç¸¦¡aÁÂ´M®Þ{¡S¡S¶#´q§j¥¯jÞ
®¹)´MP¡%¢±P²·I¡a§®ﬂ¹¥£N´M¡Z§M¢P¥ﬂ´M¸Ç{¡,­¡Z§M¸Ç¥ﬂ´M¸®o¢µﬀ®¹)´MP¡¬´M±P¶P£¡ãÇU¸¦¥´MP¡
Ç¸¡ZÁ
½
¥ﬂ¢E­¯S®²³¶P±U´M¡Sµ¾Ø
L
×

Ú\Ö
I
´M®´M¡Ç¸¦¡aÁ
½
¢E¥ﬂ²³¡S£N¼
½
¸¦¢µq¡Z§q´M¸®o¢µ
¥¢P­'­U¡S£¡Z´M¸®o¢µ®¹P´M±¶P£¡Sµ
½
·°¼¸¢P¯Z§M¡S²³¡Z¢´M¸¢¨%®ﬂ§Æ­¡S¯a§M¡S²³¡S¢°´M¸¢P¨´MP¡
¯S®±P¢°´Mµ®ﬂ¹H¸N´Mµ´M±P¶£¡Sµ¸¢§M¡Sµq¶I®o¢µq¡ã´M®
¯aP¥¢P¨¡Sµ´M®
·E¥ﬂµq¡ã§M¡S£¦¥ﬂ´M¸®¢Pµ
Ä
	
¸¢¯S¡#´M¡É²³¡Z´MP®­ ®ﬂ¹
ÑNïgõWÓ
¸µä¥µqµq±²³¡W­ ´M®í¡Z»U¡S¯S±´M¡É¸¢u´MP¡
ßlàPª¬á
½
¸N´¥µqµq±²³¡SµÆ¥¯S¯S¡Zµqµz´M®¾·I®ﬂ´MK[+¥¢P­[lfbek[
ÄHÈ
®gÁ¡SÇ{¡Z§
½
®o±§
²³¸¦­P­U£¦¡aÁ¥ﬂ§M¡,µ¼µ´M¡Z²Ô¸¦µ¬µq¡S¶P¥ﬂ§j¥g´M¡¾¹A§M®o²"´M¡ßlàPª¬á¾¥¢P­ﬃ¯W¥ﬂ¢ä®o¢£N¼
¥¯Z¯S¡Sµqµ2[ f e[
ÄÍ
®ËE¢P­[
½
¹A®§ﬀ¥+¨¸Ç{¡S¢§M¡S£¦¥ﬂ´M¸®¢
½
U
G
½
Á¡,¥ﬂµqµq±P²³¡
  
 
-

ﬁﬀ

ﬀ
ﬃﬂ
l "!
ﬀ"#

^	

_
"
hZfgmSfﬂia 
ﬁﬂA D b
>\SŁ Aﬂ?

ﬁﬂA DEb
>qiPkijc_?iPk?{MﬂmSf@? DﬃbﬂhﬃgbSﬀAﬂ?
iPkijc_?iPk?{MﬂmSf@?%DﬃbﬂhgbS
Weﬂ_qp
	

SŁ&?+ŁgegfSegfCÉŁ&?iS_agehZfi

`ﬂfSegf Łlkijc_<D`#¤SŁlkijc_#bZcg¤Łlkijc_E]#çiPkijc_
%< 7:9=sgZ; =@?ZGoAosg C#G0ESFP> ( 9)UsgríDEs &l9rquAD0Cê@>AHEW<ÌDIG/.
´M¡,¡Z»U¸µ´M¡S¢¯S¡,®ﬂ¹¥Ù

Ý
ý
Ö¾Ú

è

Ö ek[
G
´MP¥ﬂ´®o£¦­µ ek['§M¡Sµ´q§M¸¯Z´M¡S­
´M®bU
G
¥µ,Á¡S££z¥ﬂµ¾¥¯S®o±¢°´
ﬁG 
Á¬¸N´MÉ´M¡'Ç¥£±¡'¡S¸N´M¡Z§äö
-
ï
÷Ã®§
öÀ
ï
÷¾´M®¾¸¢E­U¸¯W¥ﬂ´M¡¬¥ﬂ¢¸¢Pµq¡Z§q´Æ®§­¡Z£¦¡a´M¡
Äú
±U§q´MP¡Z§
½
Áﬀ¡¬¥ﬂµqµq±P²³¡ﬀ´ME¥g´
e[
G
P¥µã¥£N§M¡W¥­U¼ﬃ·I¡S¡S¢¤¥ﬂ¶P¶P£¸¡W­ﬃ´M®[
G
½
´MP¡,¸¦¢µ´j¥¢¯S¡+®¹ U
G
¸¢ [
Ä
â
¢®§j­U¡Z§
´M®äµq¸²±P£¦¥g´M¡´M¡³¶§M¡ZÀ¸²¥¨¡³®¹ [
G
½
Á¡Ã­¡ZËP¢P¡¥Ç¸¡ZÁ
Ü:uF U
G
¹?®§ﬀ¡W¥¯jÃ§M¡Z£Ì¥g´M¸®o¢ U
G
7mU
½
Á¬P¸¯jﬃµq¸²³¶£¼µq¡S£¡S¯Z´Mµﬀ´M±P¶£¡Sµ
®ﬂ¹@[
G
´ME¥g´­U®ç¢®´ﬃ¥¶¶I¡W¥ﬂ§Ã¸¢ ek[
G
ÄCâ
´¯W¥¢î·I¡¤¸¦²³¶£¡S²³¡S¢°´M¡W­
¡a¿³¯S¸¡S¢°´M£N¼¸N¹ ek[
G
¸µ¬µq²¥££)¥¢E­Ã¸µã¸¢E­U¡Z»U¡W­®o¢´M¡¾Þ{¡Z¼Ã®¹lU
G
Ä
ú
®§¬¡Z»¥²³¶£¡
½ú
¸¦¨
Ä

¨o¸Ç{¡Sµ´MP¡ã¸¢P¯Z§M¡S²³¡Z¢´j¥ﬂ£·P±E­À¨o¡S¢¡Z§j¥ﬂ´M¸¢P¨
Ê°±¡Z§q¼u¹?®ﬂ§uÖ
ﬂ
~
C
#
~
#
~
jﬀ
#ﬂﬁ
~°½
Á¬¸¯a¸µÉ­U¡Z§M¸Ç{¡W­C¹Ì§M®o² ´M¡
Ê°±¡Z§q¼5g
 
-

ﬁﬀ

ﬀ
ﬃﬂ
lﬃ !
ﬀ#

·°¼ã±Pµq¸¢P¨´MP¡¯Z®o±P¢°´M¸¢P¨²³¡a´MP®­,®ﬂ¹
ÑNïWõgÓ
Ä
â
´
¯S®o²³¶±´M¡Sµ±¶­P¥ﬂ´M¡Zµ+´M®7Ö
ﬂ
~
C
#
~
#
~
jﬃ
# ﬁ
~
¸¦¢ê§M¡Sµq¶I®o¢µq¡´M®
¯jE¥ﬂ¢P¨¡Sµ!e
ﬁHﬃ ﬂ!<
¥¢P­e J
  M
Ä
s
·Pµq¡Z§MÇ{¡Æ´ME¥g´¸¦¢¥o­­¸N´M¸®o¢'´M®
¡S­¨o¡Zµ
®ﬂ¹+Ö
ﬂ
~
$ (
½
´MP¡Ê°±¡Z§q¼#¥£µq®§M¡Z´M±U§M¢Pµ,´M¡¯S®ﬂ§q§M¡Sµq¶I®o¢P­UÀ
¸¢¨
6
( Ç¥£±¡Sµ
Ä
Q
Ê±¡Z§q¼#e=g
 
-



¸µ,´\¼¶¸¯W¥££N¼#¥Ã±¢P¸®o¢É®ﬂ¹
µq¡ZÇ{¡Z§j¥£zÊ°±P¡Z§M¸¡Sµ,¡W¥¯jç¸¢P¯Z®§M¶I®§j¥g´M¸¢P¨´M¡¡¡S¯a´Mµ®¹¯jE¥ﬂ¢P¨o¡Zµ¸¦¢
®¢P¡®ﬂ¹´MP¡¾·P¥µq¡¾§M¡S£¦¥ﬂ´M¸®¢Pµ¬§M¡Z¹?¡Z§M¡Z¢P¯S¡W­ﬃ·¼>g
 




Ä
â
¢P¯Z§M¡Z²³¡S¢°´j¥£)Ê±¡Z§M¸¡Sµ%®¹´MP¡+µq¡S¯S®¢E­¹A®§M²5¥ﬂ§M¡'¥²³¸¦£¦­ä¡Z»´M¡S¢UÀ
µq¸®¢C®ﬂ¹
ﬁ
U
û
S
ß
Ä ú
®§ä¡S¥¯j g
 
-



¸¦¢
ﬁ
U
û
S
ß
½
Áﬀ¡ê­¡aËE¢P¡
¥ﬂ¢ä¸¢P¯Z§M¡Z²³¡S¢°´j¥£ÆèZØ×oéXÙMÜ
J L:
ÖaÚ~Û?Ý
ý
Ê±¡Z§q¼be=g
 
 




û"!$#ﬀ%

ß
´M®
¯Z®o²³¶P±U´M¡¾¯jE¥¢¨o¡Sµ´M®ÉÖ
ﬂ
~
$ (Â¸¢§M¡Sµq¶I®¢Pµq¡¾´M®³¥µq¡a´
!$#ﬀ%

®ﬂ¹
¸¢µq¡Z§q´M¸®o¢Pµ¬´M®'´M¡¥ﬂ´q´q§M¸·±´M¡,§M¡S£¦¥g´M¸¦®¢
ý ~
I
$
ÄzÍ
P¡Ê°±¡Z§q¼¸µã­U¡ZÀ
§M¸Ç{¡S­ç¹A§M®o² g
 




·°¼êµq±P·µ´M¸´M±U´M¸¢P¨
!$#ﬀ%

¹?®§
ý ~
I
$ ¥¢E­
·°¼î¥o­­¸¢P¨¥££%´M¡¤¯S®o£±²³¢Pµ³®¹,´MP¡¤¥g´q´q§M¸¦·±´M¡
6
( ´M®ç´M¡äµq¡ZÀ
£¡S¯a´£¸µ´®ﬂ¹Kg
 
-



Ääâ
´
¯S®o²³¶±´M¡Sµ´MP¡¡W­U¨o¡Sµ
®¹´M¡¢P¡ZÁ¬£N¼
¸¢µq¡Z§q´M¡W­d$%À¢P®­U¡Sµ
¸¦¢
!$#ﬀ%

ÄÉâ
¢7¯S®o¢°´q§j¥µ´'´M®ä´MP¡¸¢P¯Z§M¡Z²³¡S¢°´j¥£
·±E­À\¨¡S¢P¡a§j¥ﬂ´M¸¢P¨Ê±¡Z§q¼ e=g
 




½
´MP¡ê¸¦¢¯Z§M¡S²³¡S¢°´j¥ﬂ£'Ê°±¡Z§q¼
e2g
 
 
-



û"!$#ﬀ%

ß
´j¥Þ{¡Sµ
!$#ﬀ%

¥ﬂµﬀ¥¾¶E¥g§j¥²³¡Z´M¡a§ﬀ¥ﬂ¢E­³­®°¡Zµ¢P®ﬂ´
¥ﬂ¯S¯S¡Sµqµ
ý ~
I
$@PE¹?±U§q´MP¡Z§M²³®ﬂ§M¡
½
¸N´,±Pµq¡Sµ¬´MP¡+¢P¡aÁ§M¡S£¦¥g´M¸¦®¢[fZek[
Á¬¸N´M®o±´§M¡WÊ°±¸§M¸¢¨ç´MP¡ä®£¦­ [
Ä ú
®ﬂ§ﬃ¡a»P¥ﬂ²³¶P£¡
½ﬀú
¸¦¨
Ä
ï
*
µqP®WÁ¬µ
´M¡¸¢P¯Z§M¡S²³¡Z¢´j¥ﬂ£·±E­À\¯Z®o²³¶P£¡Z´M¸¢¨,Ê°±P¡a§q¼'®ﬂ¹ g
 
-

ﬁﬀ

ﬀ
 ﬂ
l "!
ﬀ"#

½
Á¬¸¯a¤¥ﬂµqµq±P²³¡Sµ´MP¥ﬂ´
ﬁHﬃﬀ"!<
E¥ﬂµ%·I¡Z¡S¢±¶­P¥ﬂ´M¡S­ﬃ·°¼me'¯S®o±U§Mµq¡
Ä
$&.-6 B9 qatk9oE <ÃUG=sﬂFDEW<ADIG
È
¥WÇU¸¢¨¬­¡Z§M¸Ç{¡W­%´MP¡¸¢P¯Z§M¡S²³¡Z¢´j¥ﬂ£¸¦ëZ¡W­áSål«%Ê°±¡Z§M¸¡Sµ
½
´MP¸µ=¶E¥ﬂµq¡
¶U§M®°¯S¡S¡W­Uµ,¥ﬂµ¹?®o££®WÁ¬µgO
û
ïWß
Í
P¡¾¸¢P¯a§M¡S²³¡S¢°´j¥£ÆèZØ×oé
ý
ÖaÝÖaÕ

Ú~Û?Ý
ý
Ê°±P¡a§M¸¦¡Zµqe=g
 
-



¥g§M¡
¡a»¡Z¯S±´M¡W­+¸¢
´M¡ﬀßlàPª¬á
½
¼U¸¦¡Z£Ì­U¸¢P¨,¯jE¥ﬂ¢P¨¡SµH´M®%´M¡¡W­U¨o¡§M¡Z£Ì¥g´M¸®o¢PµgO
¥'µq¡Z´%®¹¸¢Pµq¡Z§q´M¸®¢Pµ
ﬁ
¥ﬂ¢E­ä­U¡S£¡Z´M¸®o¢µ
ﬁ-
Ä
û
ôß
Í
P¡Ãµq¡Z´Mµ
ûﬂﬁ

ﬃPﬁ

ß
¥ﬂ§M¡Ã´q§j¥¢µq²³¸´q´M¡S­ç´M®#´M¡ﬃ²³¸¦­P­U£¡ZÁ¥g§M¡
¥ﬂ¢E­
¶I®oµ´M¡W­'¥¨{¥ﬂ¸¢Pµ´´MP¡Æ´q§M¡S¡4^
½
¥ﬂµ­¡Sµq¯a§M¸¦·I¡S­'¸¢
	
¡S¯Z´
Ä
*
Ä

®§M¡ZÀ
®gÇ{¡a§
½
´MP¡
6
$%ÀÇo¥ﬂ£±P¡®ﬂ¹¬¡W¥¯j¢P¡aÁ $¬À¢P®­¡¥­P­U¡W­#´M®m^¸µ
¥£µq®
¥­P­U¡W­´M®
!&#ﬀ%

½
¥7µq¡Z´ä®ﬂ¹
·P±E­Uµﬃ®ﬂ¹+´X¼U¶I¡ $
Ä
Q
¢W$¬À¢P®­¡É¸µ
²¥g§MÞ{¡W­ÉØUÝIÖ 
Lp
ÝI×{ÖM×+¸N¹¸N´Mµ
6
$óÇ¥£±P¡,¸¦µ¬¸¢´M¡
!$#ﬀ%

µq¡Z´
Ä
û
*oß
Í
P¡%·P±P­UÀ¯S±U´ﬀ¥ﬂ¶P¶§M®o¥¯jÃ­®°¡Sµﬀ¢®´ﬀ§M¡SÊ±¸N§M¡%´M¡,¥g´q´q§M¸¦·±´M¡¬§M¡ZÀ
£¦¥g´M¸¦®¢Pµ´M®7·I¡ä²¥ﬂ´M¡a§M¸Ì¥ﬂ£¸¦ëZ¡W­ ¸¢´MP¡¤ßlàPª¬áäµq¸¢P¯Z¡É´M¡Z¼ì¯W¥¢·I¡
¯Z®o²³¶P±U´M¡W­ä¹A§M®² ´MP¡'E¥µqÉ´j¥·£¡¥¢P­É´M¡µq±·´q§M¡S¡'¶I®°®o£¸¢#´M¡
²³¸¦­­£¡ZÁ¥g§M¡
ÄÍ
®³µq¶I¡S¡W­±¶ﬃ´M¡¾§M¡Sµq¶I®o¢µq¡¾´M¸¦²³¡¾Á¬¸N´M¤¥´q§j¥­¡S®
®ﬂ¹µq¶E¥ﬂ¯S¡
½
Á¡¬´q§M¡S¥ﬂ´´MP¡Sµq¡ﬀ§M¡Z£Ì¥g´M¸®o¢Pµz¥µÆÇ¸¡ZÁ¬µz²¥ﬂ¸¢´j¥ﬂ¸¢P¡W­
·¼+´M¡
ßlàPª¬á
Äﬀâ
¢ä´MP¡£¦¥g´q´M¡Z§¾¯W¥ﬂµq¡
½
´M¡¯aP¥¢P¨¡Sµ,¯Z®o²³¶P±U´M¡W­ﬃ¸¢¤µ´M¡S¶
û
ïWß
¥ﬂ·I®gÇ{¡¥ﬂ£µq®Ã±¶­P¥g´M¡+´M¡Sµq¡
ÇU¸¡ZÁ¬µgPI¹A±§q´M¡Z§M²³®§M¡
½
¸¦¢¤µ´M¡Z¶
û
ôoß
´M±UÀ
¶£¡Sµ¬¸¦¢
!$#ﬀ%

¥ﬂ§M¡µq¡S¢°´´M®´M¡¾ßlàPª¬á¥¢P­ﬃ¸¢Pµq¡Z§q´M¡S­ﬃ¸¢°´M®
ý~
I
$
½
¹A®§,¥££l¡S£¡S²³¡S¢°´´X¼U¶I¡Sµ $ó¸¢Ã´MP¡¾ÎÏIÐ
Ä
â
´¬µqP®±P£¦­·I¡¾§M¡S²¥g§MÞ{¡W­³´ME¥ﬂ´¬´M¡¾·P±P­UÀ¯S±´qÀ¨¡S¢P¡Z§j¥g´M¸®o¢¶E¥ﬂµq¡
±¶­P¥g´M¡Sµ)´M¡z¶P¥ﬂ§M¡S¢°´qÀ¯a¸£Ì­¾¡S­¨o¡Zµ=®¹P¥££{´M¡,Ö Û
I
Ú~ÛAÝ
ý
¢®­¡Sµ)¸¦¢´M¡
©lª¬«Ç¸¡ZÁ ^¸¢ä§M¡Sµq¶I®o¢µq¡
´M®§M¡Z£Ì¥g´M¸®o¢E¥ﬂ£H¯jE¥¢¨o¡Sµ]ek[
ÄÍ
±µ
8
´MP¡+¡W­U¨o¡ﬃ×°Ö

ÖaÚ~ÛwÜÝ
I
¥ﬂ§M¡
E¥¢P­£¡W­¤¸¢ä´MP¸µ,¶E¥ﬂµq¡
½
·°¼ä¡SÇ¥£±P¥ﬂ´M¸¢P¨
´MP¡¸¢¯Z§M¡S²³¡S¢°´j¥£¸ëS¡W­¤áZå)«
û
·±E­UÀ¨¡S¢P¡Z§j¥g´M¸¢P¨
ß
Ê°±P¡a§M¸¦¡Zµã®ﬂ¹
ﬁ
U
û
S
ß
ÜÝEÙaÖ
Ä n
®´M¡¹A±§q´M¡Z§´ME¥ﬂ´¢®­¡SµÆ­U¸¦µq¯Z®o¢P¢¡S¯Z´M¡W­'·¼´M¡¡W­¨¡¯S±´Mµ
¥ﬂ§M¡%ÝIÜÚo§M¡S²³®gÇ{¡W­,¹A§M®²

À¸¢E­U¡Z»,®ﬂ§H´MP¡´q§M¡S¡Æ·P±U´H¸¢Pµ´M¡W¥­¾§M¡S²¥¸¢
¸¢î´M¡µq±P·U´q§M¡S¡ä¶I®°®£ã¶I¡S¢P­¸¢P¨É§M¡S±µq¡¤­±U§M¸¦¢¨ç·±E­7¨o¡S¢¡Z§j¥ﬂ´M¸®¢
Ä
R
¥ﬂ§M·P¥¨¡¯S®o££¡S¯Z´M¸®o¢³®ﬂ¹E´MP¡¢P®­¡ZµH´ME¥ﬂ´P¥WÇ{¡ﬀ·I¡S¡S¢­¸µq¯S®¢P¢P¡Z¯Z´M¡W­
¹A§M®²´M¡%´q§M¡S¡%Á¬¸£¦£·I¡%E¥ﬂ¢E­£¡W­³·°¼³¥+·E¥ﬂ¯aÞ¨ﬂ§M®o±P¢P­¶§M®°¯S¡Zµqµ¬¥ﬂ¹A´M¡a§
´MP¡,·P±E­À¯S®o²³¶£¦¡a´M¸¦®¢¶E¥µq¡
½
¥ﬂµã­U¡Sµq¯Z§M¸·I¡W­¸¢
	
¡S¯Z´
Ä
*
Ä
Q
¯S®²³¶P£¸¯W¥ﬂ´M¡W­¤ßÏIß#²¥W¼ﬃ£¡W¥o­ä´M®¥³£¦¥ﬂ§M¨¡'¢±P²'·I¡Z§%®¹Æ¸¢P¯Z§M¡aÀ
²³¡S¢°´j¥£o·P±E­À¨o¡S¢¡Z§j¥ﬂ´M¸¢P¨ãÊ°±P¡Z§M¸¡Sµ
Äú
®§¥ﬂ¢'¨¸Ç{¡S¢
µq²¥££°§M¡S£¦¥ﬂ´M¸®o¢P¥£
¯jE¥¢¨o¡ek[
½
®WÁﬀ¡SÇ{¡a§
½
®o¢P¡+®¢P£N¼ä¢¡S¡W­µ%´M®³¡SÇ¥£±E¥g´M¡
´M®oµq¡+´ME¥ﬂ´
§M¡Z¹A¡Z§³´M®¥É§M¡S£¦¥ﬂ´M¸®o¢u¥¡S¯Z´M¡W­í·°¼ ek[
ÄîÍ
¡S¯jP¢¸ÌÊ°±¡Sµ
Ñ ôï
½
ñﬂÓ
¹?®ﬂ§
¸¦­¡S¢°´M¸N¹A¼U¸¢P¨äÊ±¡Z§M¸¡Sµ¸N§q§M¡S£¡SÇ¥¢°´+´M® ek[¤¯W¥ﬂ¢ç¹?±U§q´MP¡Z§§M¡S­±P¯Z¡´MP¡
¢±P²'·I¡Z§H®ﬂ¹I·P±P­UÀ¨o¡S¢¡Z§j¥ﬂ´M¸¢¨,Ê°±P¡a§M¸¦¡ZµH´ME¥ﬂ´¢¡S¡W­´M®¾·I¡¡ZÇo¥ﬂ£¦±P¥ﬂ´M¡W­
Ä
354lF:C#@>A$8. ;>= 
¡Z¯W¥££´M¡¬ÎUÏEÐmS
=
­¡ZËP¢P¡W­
¸¦¢
ú
¸¨
Ä
*
Ä
Q
µqµq±P²³¡
´ME¥g´³¥ﬂ¢ì©lª¬«ä´q§M¡S¡mS
=
û
[
ß
®ﬂ¹¾¥¤§M¡S¨¸¦µ´q§j¥g§­P¥g´j¥·P¥µq¡m[ê¸µ²¥¸¢À
´j¥¸¢¡W­ä·°¼ﬃ´M¡²³¸Ì­­£¡ZÁﬀ¥ﬂ§M¡
Ä
9
®¢Pµq¸¦­¡a§,§M¡S£¦¥ﬂ´M¸®¢E¥£¯jE¥ﬂ¢P¨¡Sµ]e[>O
­¡Z£¦¡a´M¸¦®¢®¹)¥
ﬁ 	
¯S®±§Mµq¡¬¹A§M®²´MP¡
ﬁHﬃ "!<
§M¡S£¦¥ﬂ´M¸®o¢
½
¥£®o¢¨+Á¬¸N´M
­¡Z£¦¡a´M¸¦®¢Pµ,¹Ì§M®o² J
  <M
¥¢P­
<G ﬂHIﬀI
¥¯Z¯S®§j­U¸¦¢¨o£N¼
Ä
R
¸¦Ço¡S¢¤´MP¸µ
½
´MP¡z·P±P­UÀ¯S±´qÀ¨¡S¢P¡Z§j¥g´M¸®o¢¶PP¥µq¡ﬀ¯Z®o²³¶P±U´M¡Sµ=®¢P£N¼
ﬁ 
½
Á¬¸¦¯j
¯S®o¢UÀ
µq¸µ´Mµ®¹­U¡S£¡Z´M¸®o¢Pµ®ﬂ¹I¡W­¨¡Sµ
û
F:i
½
ﬁHﬃﬀ"!<
ß
½
û
ﬁHﬃ "!<
½
J
ﬀ M
ß
½
¡a´M¯
Ä
Í
P¡Zµq¡%¯jE¥ﬂ¢P¨¡Sµ¥g§M¡ã²¥­¡´M®¾´M¡©lª%«,´q§M¡Z¡qS
=
û
[
ß
¸¦¢'´MP¸µz¶E¥ﬂµq¡
Ä
n
®ﬂ´M¡ﬃ´MP¥ﬂ´¢®É·P±E­Uµ¥g§M¡¨o¡Z¢P¡Z§j¥g´M¡W­
½
Û
ü
Ö
ü¦þ
!$#ﬀ%

¸µ¡Z²³¶´X¼ê¹?®ﬂ§
¥££ (º¸¢´M¡ÃÎÏIÐ
ÄÉâ
¢7®ﬂ´MP¡Z§
Áﬀ®ﬂ§j­µ
½
¥£N´MP®±P¨í´M¡³§M¡S£¦¥ﬂ´M¸®o¢P¥£
¯jE¥¢¨o¡Sµ,E¥WÇ{¡¸²³¶P¥¯Z´ã´M®Ã´M¡'©lª¬«´q§M¡Z¡¥ﬂ´¥¢ê¥ﬂ§M·P¸N´q§j¥g§q¼É£¦¡ZÇ{¡S£
½
´MP¡a¼ä¥g§M¡'¯W¥ﬂ¶´M±U§M¡W­ä¸¢ä´MP¡+·P±P­UÀ¯S±´qÀ¨¡S¢P¡Z§j¥g´M¸®o¢ä¶E¥µq¡+·°¼ﬃ¡SÇo¥ﬂ£NÀ
±E¥g´M¸¢P¨³¥'Ë»U¡W­ﬃ¢±P²'·I¡Z§ﬀ®ﬂ¹¸¢P¯Z§M¡S²³¡Z¢´j¥ﬂ£¸¦ëZ¡W­áSål«³Ê°±P¡Z§M¸¡Sµ
Ä
s
¢´M¡
®ﬂ´MP¡Z§,E¥ﬂ¢E­
½
¸N¹2e[Ã¸µ%´M®Ã±¶­P¥g´M¡¾´MP¡+¢E¥ﬂ²³¡¾ËE¡S£¦­µã®¹
µq®o²³¡
!<ﬃ F <G 
´M±P¶£¦¡Zµ
½
´MP¡S¢³¸N´¸¦¢Ç{®£Ç{¡SµÆ·I®´M­¡Z£¦¡a´M¸¦®¢Pµ¥¢E­¸¢UÀ
µq¡Z§q´M¸®o¢µ
½
Û
ü
Ö
üþ
!$#ﬀ%('*)+,
.-
)
¸µ¢P®o¢¡S²³¶´\¼+¥¢P­'¯S®¢Pµq¸µ´Mµ®¹
!ﬃ F <Gﬀ
·P±P­µ
ÄzÍ
P¡·±E­À\¯Z±´qÀ¨o¡S¢¡Z§j¥ﬂ´M¸®¢¶PP¥µq¡P¥¢E­U£¡Sµ%­¡S£¡Z´M¸®o¢µ
½
¥ﬂ¢E­
´MP¡ã¢P¡Z»´¶E¥ﬂµq¡
½
´MP¡,·±E­À\¯Z®o²³¶P£¡Z´M¸®¢³¶PE¥ﬂµq¡
½
¶§M®°¯S¡Z¡W­µﬀ´M®'¨o¡S¢UÀ
¡Z§j¥g´M¡µq±P·´q§M¡Z¡Sµ¬®¹¢P¡aÁ
!ﬃ F G 
·±E­Uµ
Ä 
$8.Hh B9rqut
D0Cê@>ÌpES<ADIG
Í
P¡ã¶§M¡SÇ¸®o±µﬀ·P±P­UÀ¯S±U´qÀ\¨¡S¢P¡a§j¥ﬂ´M¸®o¢Ã¶PP¥µq¡,¯a§M¡W¥ﬂ´M¡Sµµq¡a´Mµ
!&#ﬀ%

¯S®¢Pµq¸µ´M¸¢P¨,®ﬂ¹´M¡
6
$%À\¥ﬂ´q´q§M¸·±´M¡Ço¥ﬂ£±P¡SµH®ﬂ¹P¢¡ZÁd$¬À\¢®­¡Sµ¹?®ﬂ§¡W¥ﬂ¯a
¡S£¡S²³¡S¢°´¾´\¼U¶I¡=$ ¸¢ê´MP¡'ÎÏIÐ
½
¥¢P­É´M¡·P±P­UÀ¯S®²³¶P£¡Z´M¸®o¢¤¶E¥µq¡
¸µ,´M®Ã¶§M®­±¯S¡+´MP¡
µq±P·´q§M¡Z¡Sµ,®ﬂ¹z´M¡Sµq¡·±E­µ
Ä¾Í
P¡
¶§M®°¯S¡Zµqµ²¥W¼
¹?±U§q´MP¡Z§%¨¡S¢P¡Z§j¥g´M¡¢P¡ZÁC·±E­µ
½
·±´%­®°¡Zµ%¢®´%¸¢P¯S±U§%­¡S£¡Z´M¸®¢Pµ
Ä
Í
P¡'¶§M®°¯S¡Zµqµq¸¦¢¨®ﬂ¹·±E­¤¯S®o²³¶£¡Z´M¸®o¢É¸µ¯S®o¢P­±P¯a´M¡W­¤·¼
Q
£¨o®ﬂÀ
§M¸N´MP²
# ;ﬀI
½
¨¸¦Ço¡S¢¸¢
ú
¸¨
Ä
ïoï
ÄÍ
P¡¥ﬂ£¨o®§M¸N´M² ´j¥ﬂÞ{¡Sµ
!$#ﬀ%

1
µ
¹A§M®²Â´M¡¨o¡S¢¡Z§j¥ﬂ´M¸®¢Ã¶E¥ﬂµq¡ã¥ﬂµz¸¢¶P±´
½
¥¢P­¶§M®°¯S¡Zµqµq¡Sµ¡W¥ﬂ¯a³¢®o¢UÀ
¡S²³¶U´X¼
!$#ﬀ%

·P¥µq¡W­ê®o¢´MP¡³¶U§M®­±¯Z´M¸®o¢
C
`
$ V
&
¥¢P­ç¸N´Mµ
¥µqµq®°¯Z¸Ì¥g´M¡W­ÕjØ

Ö
û
C
ß
û
¯W¥µq¡Zµ
ï0/°Ò{ß
½
¨o¡Z¢P¡Z§j¥g´M¸¦¢¨¯jP¸£¦­U§M¡S¢#®¹z´MP¡Sµq¡
$%À¡S£¡S²³¡Z¢´Mµ
Äú
®§%¡Z»¥²³¶£¡
½
¸¦¢¯W¥µq¡
*
½
¸N´%¶§M®°¯S¡Sµqµq¡Zµ,¥¨¸Ç{¡S¢µq¡a´
!$#ﬀ%

¥µ¹?®££¦®WÁ¬µ
Äﬃâ
´¾Ë§Mµ´ËE¢P­µ¾´MP¡¡W­¨¡Sµ+®¹ﬀ´M¡$¢®­¡Sµ+¸¢
!$#ﬀ%

´MP¥ﬂ´,¥ﬂ§M¡+´M®Ã·I¡
¸¢Pµq¡Z§q´M¡S­É¸¢°´M®#Ö
ﬂ
~
$ (
½
·°¼ä¡SÇ¥£±P¥ﬂ´M¸¢P¨
´MP¡¸¢¯Z§M¡S²³¡S¢°´j¥£)èZØ×oé\ÙjÜ
JaL:
ÖaÚ~Û?Ý
ý
Ê°±P¡Z§q¼e=g
 
 




û"!&#ﬀ%

ß
¸¢
´MP¡ß)àª¬á
Äâ
´=´MP¡S¢
±P¶­¥ﬂ´M¡Sµ=´M¡¯jP¸£¦­U§M¡S¢'£¸¦µ´Mµ®ﬂ¹E´MP¡Zµq¡"$í¢P®­¡Zµ
¸¢Ã´M¡,µq±·´q§M¡S¡%¶I®°®o£:^
½
´j¥Þ¸¢P¨'¥o­UÇo¥ﬂ¢´j¥ﬂ¨o¡ã®¹=´M¡

À¸¢E­U¡Z»³¥ﬂ¢E­
Û $
ÄÍ
P¡Z¢
½
¹A®§¡W¥¯j (¯jP¸£¦­ﬃÛ (C®¹µq±¯a¥¢ $%À·±E­³Û  $
½
¸N´
¸¢Ç{®oÞ{¡Zµ´MP¡¾¶U§M®°¯S¡W­U±§M¡5J
ﬂH ﬁ<ﬂ!!
û
(
ﬃ
Û (
ß
´M®'¸¦¢µq¶I¡S¯Z´Á¬¡Z´MP¡Z§
´MP¡a§M¡¥£N§M¡W¥­U¼É¡Z»U¸µ´Mµ¥ﬂ¢ê¡S¢°´q§q¼ä¹A®§´M¡¢P®­U¡
û
(
ﬃ
Û (
ß
¸¢É´MP¡
E¥ﬂµq¸¢E­U¡Z»

Äâ
¹Iµq®
½
¸N´Æµq¸¦²³¶£N¼¥­P­Uµz¥ÙZÕqÜ
IuI
Öq×
ý
Ö
û
Û $
ﬃ
Û (
ß
¸¢Pµ´M¡W¥­ä®¹§M¡S¯Z®o²³¶P±U´M¸¢P¨´M¡µq±P·´q§M¡Z¡®¹
û
(
ﬃ
Û  (
ß
PE®´M¡Z§qÁ¬¸µq¡
½
¸N´H¯Z§M¡S¥ﬂ´M¡Sµ¥¢¡ZÁ

À¡S¢°´q§q¼%¹?®§
û
(
ﬃ
Û (
ß
¥¢P­¥o­P­Uµ)´M¡¥g´q´q§M¸¦·±´M¡
Ç¥£±P¡
6
(®ﬂ¹ÆÛ (´M®
!$#ﬀ%

ÄÍ
P¸µ¼U¸¡S£¦­µ
!$#ﬀ%

½
´M¡ãµq¡Z´®¹l¢P¡aÁ
(À\·±E­Uµ+´MP¥ﬂ´
Á¬¸£¦£·I¡³¹A±§q´MP¡a§¡Z»U¶E¥ﬂ¢E­U¡W­¥ﬂ´
´MP¡¢¡Z»´£¡SÇ{¡Z£ﬀ®¹
´MP¡¬´q§M¡S¡
Ä n
®´M¡%´ME¥ﬂ´z´M®'¶I®¶P±£Ì¥g´M¡
!$#ﬀ%

Áﬀ¡ã¢P¡S¡S­´M¡,¥g´q´q§M¸¦·±´M¡
Ç¥£±P¡Sµ
6
(®¹=´MP¡Sµq¡¢¡ZÁ¬£N¼¸¢Pµq¡a§q´M¡W­(Â¢P®­¡Zµ
Ä
s
·Pµq¡a§MÇ{¡,´MP¡ã¹?®o££®WÁ¬¸¢P¨¶§M®¶I¡Z§q´M¸¡Sµã®ﬂ¹
Q
£¨®§M¸N´MP²
# ;ﬀI
Ä
 -78	
1 yoKu ÆL }
[Ny{]\KjVYXKM'y{ToKj]
 	 
ÌTWVÆQSLNLPKMLNKuKjygYY~}ﬀUKM]í[Ny0

	
178	
1 MT){LNKqYXKM']X{RoY\VXKMKM]ATWVÆQSLNLPyoT{KM]z[Ny
	 	
]
,
{V\KKjQZY
1
 ÌTWVÆQSLNLPy{TWyoKY~}
	 
 z[ Y\
7[NyoT
+
 jQS]\KﬀYX{K {V\ToqYX[NTWy
J
  TS

^
,
_
 
P
*
Z
 -  
Z P
+
5
 ÌTWVÆKjQg'YXoLNK
C
[Ny
	 
{T
-
 ÌTWV
D
ÌVXT)
,
Y\T
A
oT
ﬀ
P
G


GK^
C_
3

G
[Nyﬀﬂﬁ ﬃ
^
J _
ÌTWV
P
G
)3
.

Łgeﬂ_giZfﬂhWh
^
P
G
Z P
G
_
*
 LNKqY! 
#"
^

Z C_
 
JCE
,'
  
 $


^
P
*
Z

ﬁ;A DEb
^
P
*
_BZ
   
Z P
+
Z

ﬁﬂA D b
^
P
+
_ _
3

ﬁ;A DEb

	
WTWLNKCAoyqYX[NTWy
)3
,),

 	 

&%ﬂ
,1

^
1
_
 
P
*
t -  t
P
+ 
,+
 ÌTWVÆKjQg'YXoLNK
C
[Ny
	 
{T 3

[Ny'ﬀﬂﬁ ﬃ
^
J _
)3
,
 Kq|WQSLN{QZYXK

^
C_
YXT)(°y{'Y\{K¬{y{[+*ﬂ{K
P
G-,

cWmWm

,5

Łgeﬂ_giZfﬂhWh
^
P
G
Z C_
,-
 LNKqY! 
#"
^

Z C_
 
JCE
,
ﬀ  
 $


^
P
G
Z C_
,.

 	X

&%ﬂ
,*

^
+
_
 
P
v

1)'
 .



 
 
 




^	 
_
3ã]\Kjyo{[Ny{
 	 
Y\T0/2143657)3
1,
 3,K8KujYX[Ny{¾Y\{K¬[NyMVXKuKMygYQSLKjoWK
%
WKjyoKjVXQZYX[Nyo9*ﬂ{KMV\}:)3
1)1
 ÌTWVKaQgXYX{LNK
^<;
b

Z
;
b P ZKPe_
[Ny.oT
1)+
 LNKqY! 
"
^

Z
;
b
^

__
 
JCE:
1
 [ 
^
P Z
;
b Pe_
[N]y{TSYÆ[Ny 
 $
1)5
 Y\{KMy[Ny{]\KMV\Y
^
P Z
;
b P@_
[NygYXT= 
 $

1)-

Łgeﬂ_giZfﬂhWh
^
P Z;Pa_
1
ﬀ
 	X

&%ﬂ
1).

^

_


haWe

1)*
 ÌTWVKjQgY\{LNK
C
[Ny
	X
{T
+)'
 LNKMY! 
>"
^

Z C_
 
JCEﬂ
+,
  
 $


haWe
^
C_
3 MT){YXKM]!?:@ﬂACBDB+AV\T)
C
)3
+)1

 	X

&%ﬂ
+)+
°{ygYX[NL
	X
E%
ÌTWVÆQSLNLFí[Ny

GfX 8	
Łgeﬂ_giZfﬂhWh
^

ZBC_
 -78	
1
KMLNKuKMyﬂYY~}ﬀK-
/
Y\{LNK
C
QS]ÆQã|SQSLN{KTS

q

	
178	
1
Tﬂ{[ (°KM'[Nyo{K8
"
/
]XoRoYXV\KMK UTﬂTWLIQSy{
YXoK%]\KqYX]
	


,

CEDEb



ﬁ;A DEb
^
C_
3

ﬁﬂA DEb

	
WTWLNKuÌ{yqY\[NTWy2)3
1
º[ 
^

Z CEDEb._
[N]QSy'KMyﬂY\V\}'TS
"
+
 Y\{KMyVXKqY\{VXy

 MVXKjQZY\K%Q,y{Tﬂ{KH 

^

Z CEDEbOZJIKH_
[Ny+YX{K¬]\{RoY\VXKMK TTWL

5
 MVXKjQZY\K%QSyKMyﬂY\V\}
^

ZCEDEb._
[Ny
"L
-

"
^

Z CEDEb._
 
JCE


M 

3SQS{oVXKM]X]ÆTSN )3
ﬀ
"
^

Z C_
 $

OIKP
3ãKuoY~}+LN[N]YQ)3
.

	



	
SR
&
C
*

3ãyoKu ÆL }MVXKjQZY\Kjy{ToKj])3
*
ºV\KMY\{V\y

%< 7:9=sg<;>;>=:Ã>87EDEsﬂ<8ES;lC
#ﬂ;ﬀI
û
ïWß
Q
´Æ¡W¥ﬂ¯a³¸N´M¡Z§j¥g´M¸¦®¢
û
£¦¡ZÇ{¡S£
ß
½
¥¢°¼'¶E¥g´MPµ¸¢´MP¡©lª¬«¾ÇU¸¡ZÁì´ME¥g´
·I¡Z¨o¸¢¥ﬂ´´MP¡z§M®°®´¥¢E­'­®¾¢®´Æ¡S¢¯S®o±¢´M¡a§Æ¥³èZØP×¥g§M¡¬¨o±E¥g§j¥¢°´M¡S¡W­
´M®³·I¡+¯S®ﬂ§q§M¡S¯Z´
½
¥ﬂ¢E­ﬃ´M±µ%¶P¥ﬂ§q´M¸¦¥£)§M¡Sµq±P£N´Mµ%®¹´MP¡¢¡ZÁó©lª¬«Ç¸¡ZÁ
S
û
[f ek[
ß
¯W¥¢É·I¡
¡Z»U¶I®oµq¡W­´M®³´MP¡
±Pµq¡a§Mµ,¸¢É¶E¥ﬂ§j¥ﬂ££¦¡Z£HÁ¬¸´M¤´M¡
¯Z®o²³¶P±U´j¥ﬂ´M¸®o¢ﬃ®¹!e^
Ä
û
ôß
â
´²³¸¦¢¸²³¸¦ëZ¡Sµ±¢P¢P¡Z¯S¡SµqµM¥ﬂ§q¼í¯Z®o²³¶P±U´j¥ﬂ´M¸®o¢µÇ¸¦¥É´M¡¶U§M®°¯S¡ZÀ
­U±§M¡ J
ﬂH ﬁﬂ!ﬀ!
O¸´§M¡S±Pµq¡Sµµq±P·´q§M¡Z¡Sµ'´MP¥ﬂ´P¥µ·I¡Z¡S¢í¯S®o²³¶±´M¡W­
¡Z¸´M¡Z§·°¼
Q
£¨o®ﬂ§M¸N´MP²
#ﬂ;ﬀI
®§'¡W¥ﬂ§M£¸¡Z§¹A®§'´MP¡®o£¦­Ç¸¡ZÁ S
û
[
ß
Ä
Í
±µ
½
¡W¥¯j·±E­í¸µÃ¯Z®o²³¶P±U´M¡W­í¥ﬂ´Ã²³®oµ´®o¢P¯Z¡
Ä Í
P¡ä§M¡Z±Pµq¡ä®ﬂ¹
´M¡,¶U§M¡SÇ¸¦®±Pµz¯S®o²³¶±´j¥ﬂ´M¸®¢Pµ¸µ¶I®µqµq¸¦·£¡,µq¸¢P¯S¡ã¢P®
¢P®­U¡Sµ¥ﬂ§M¡%§M¡ZÀ
²³®gÇ{¡S­¹Ì§M®o²Ô´MP¡

À¸¢E­U¡Z»®§%µq±·´q§M¡S¡¶I®°®£=¥g´%´M¸µ%µ´j¥ﬂ¨o¡
Ä
û
*oß
Í
P¡¤·±E­UÀ¯S®²³¶P£¡Z´M¸®o¢í¶E¥µq¡ä­®°¡Sµ¢P®ﬂ´³¢P¡Z¡W­î²¥g´M¡Z§M¸¦¥£¸ëW¥ﬂÀ
´M¸®¢ç®¹´MP¡³¥g´q´q§M¸¦·±´M¡
§M¡S£¦¥ﬂ´M¸®o¢µ
½
µq¸¢P¯S¡³¥ﬂ££Æ´M¡
6
$¬À\Ç¥£±¡Sµ,´ME¥g´
e2g
 
 
-



¢¡S¡W­µ¥g§M¡¤¸¢
!$#ﬀ%

½
¢®´¸¢
ý~
I
$
Äﬂn
®ﬂ´M¡´ME¥g´
®¢P£N¼ﬃ¯W¥µq¡
û
*oß
¸¢
Q
£¨o®ﬂ§M¸´M²
#ﬂ;ﬀI
¢¡S¡W­Uµ¬´M®¥¯S¯Z¡Sµqµ%´M¡ßlàPª¬á
Ä
û
Ò°ß
Í
¡¶§M®°¯S¡S­±§M¡/J
ﬂH ﬁ< !ﬀ!
¥£µq®¡S¢Pµq±U§M¡SµH´ME¥g´Æ¥£¨o®ﬂ§M¸N´MP²
#ﬂ;ﬀI¥£NÁﬀ¥W¼Uµ´M¡Z§M²³¸¢E¥g´M¡Sµ
½
¢P®²¥g´q´M¡Z§³Á¬P¡a´MP¡Z§´MP¡¸¦¢¶P±U´ÎUÏEÐóE¥ﬂµ
¡Z»U¯S¡S¶U´M¸®o¢E¥ﬂ¢E­£¸¢P¨®ﬂ§ﬀ¢®´
Ä/	
¶I¡Z¯S¸NËE¯W¥ﬂ£¦£N¼
½
¸N¹=¥+­¡Sµq¯S¡Z¢E­P¥ﬂ¢°´Qu
k
®¹
¥¢>$%À¢®­¡
k
Á¬¸N´M¥g´q´q§M¸·P±´M¡ãÇo¥ﬂ£±P¡
6
$ ¸¦µﬀ¥£µq®¥ﬂ¢>$ ¢P®­U¡%Á¬¸N´M
´MP¡µM¥ﬂ²³¡
6
$"Ço¥ﬂ£¦±¡
½
´MP¡¢®­¡`u
k
¸µ'¢P®´¯Z§M¡W¥g´M¡W­7µq¸¦¢¯S¡´MP¡Z§M¡
¸µ%¥£N§M¡W¥o­¼ﬃ¥¢ä¡S¢°´q§q¼³¹A®§
û
$
ﬃ
6
$
ß
¸¢Ã´MP¡

À¸¢E­U¡Z»0P¸¦¢µ´M¡W¥o­
½
¥ﬂ¢°¼
¡W­U¨o¡+´M®u
k
¸µ,´q§M¡W¥ﬂ´M¡S­#¥ﬂµ¾¥¯Z§M®oµqµ,¡W­¨¡¥ﬂ¢E­¤£¸¦¢Þ{¡W­ä´M®
k
ÄÍ
±Pµ
¢P®¸¦¢UËE¢¸´M¡,¯S®o²³¶±´j¥ﬂ´M¸®¢¸µ¬¸¦¢¯S±§q§M¡S­
Ä
354lF:C#@>A $8.-60= 9
®o¢µq¸Ì­U¡Z§¥ﬂ¨{¥¸¢ì´MP¡ÃÎUÏEÐ S
=
¥¢P­§M¡S£¦¥ﬂ´M¸®o¢P¥£
¯jE¥¢¨o¡Sµ!ek[ã´ME¥ﬂ´±¶­P¥g´M¡z´MP¡z¢E¥ﬂ²³¡ËE¡S£¦­Uµ®¹Eµq®²³¡
!ﬃﬀF <G 
´M±À
¶P£¡Sµ
ÄHÍ
P¡Æ·P±P­UÀ¯S±´qÀ¨¡S¢P¡Z§j¥g´M¸®o¢¾¶E¥µq¡¨¡S¢P¡Z§j¥g´M¡SµH¥ﬀµq¡a´
!$#ﬀ% '*)+ ,
.-
)
¯S®¢Pµq¸µ´M¸¢P¨¤®¹´MP¡Sµq¡³±¶­P¥ﬂ´M¡S­
!<ﬃ F <G 
´M±¶P£¡Sµ
½
¨¡S¢P¡a§j¥ﬂ´M¡Sµ+¢P¡aÁ
!ﬃﬀF <G 
·P±E­Uµl¹A®§)´MP¡Sµq¡´M±P¶£¡Sµ
½
¥¢E­,§M¡S­¸N§M¡S¯Z´Mµ=¥¡S¯Z´M¡S­¾¡W­¨¡Sµ)´M®
´MP¡Zµq¡
¢¡ZÁ¢®­¡Sµ
Ä%Í
¡+·P±E­À¯S®o²³¶£¦¡a´M¸¦®¢ä¶PP¥µq¡+¯S®²³¶P£¡Z´M¡Sµ¬´MP¡
µq±P·U´q§M¡S¡®ﬂ¹´MP¡Zµq¡¢P¡ZÁ
!ﬃ F <Gﬀ
µ'·°¼É¯Z§M¡S¥ﬂ´M¸¢P¨ä¢¡ZÁ
G";
ËE¡S£¦­µ
¥¢P­ﬃ§M¡S±µq¸¦¢¨
!ﬀ!G
ËE¡S£¦­Uµ¬¹A®§ã´MP¡µ´M±E­U¡S¢°´Mµ
ÄﬀÍ
¸µã¸µ¾­U®o¢¡¸¦¢®o¢P¡
¸N´M¡Z§j¥ﬂ´M¸®¢¤®¹´MP¡®±´M¡Z§%£®°®o¶¤®ﬂ¹
Q
£¨o®ﬂ§M¸N´MP²
#ﬂ;ﬀI
½
¥£N´M®o±P¨ä´MP¡
!ﬃﬀF <G 
µã²¥S¼Ã¥¶P¶I¡S¥ﬂ§ã¥ﬂ´ã¥ﬂ§M·¸N´q§j¥ﬂ§q¼ﬃ£¦¡ZÇ{¡S£µ¬®¹´MP¡,©)ª¬«
ÇU¸¡ZÁ
Ä
n
®WÁu¯Z®o¢Pµq¸¦­U¡Z§¬¯aP¥¢¨o¡Sµqek[¯S®o¢µq¸¦µ´M¸¢¨®¹H¸¦¢µq¡Z§q´M¸®o¢ﬃ®¹¥+¢P¡aÁ
ﬁ 	
¯Z®o±§Mµq¡´M®ä´MP¡
ﬁHﬃﬀ"!<
§M¡S£¦¥ﬂ´M¸®o¢
½
¥ﬂ£¦®¢P¨ÉÁ¬¸N´M7¸¦¢µq¡Z§q´M¸®o¢µ®¹
¸N´Mµã¶U§M¡Z§M¡WÊ°±P¸µq¸N´M¡Sµ¬´M® J
 ﬀM
¥ﬂ¢E­¸¢µq¡Z§q´M¸®o¢Pµ%´M®
<G ﬂHIﬀI
¹?®§ã´MP¡
µ´M±E­U¡S¢°´MµﬃÁ¬®ìP¥WÇ{¡ê¡Z¢§M®o££¡W­ ¸¢ ´M¡ê¯Z®o±§Mµq¡
Ä Í
P¡ê·P±E­À¯S±´qÀ
¨o¡Z¢P¡Z§j¥g´M¸¦®¢É¶PE¥ﬂµq¡'¨¡S¢P¡a§j¥ﬂ´M¡Sµ,¥µq¡a´
!$#ﬀ%4TPU.+

'

¯S®¢Pµq¸µ´M¸¢P¨Ã®¹´MP¡
¢P¡aÁ¬£¼¸¦¢µq¡Z§q´M¡W­³¯S®±§Mµq¡¬´M±P¶P£¡
½
¯a§M¡W¥ﬂ´M¡Sµ¥¢P¡ZÁ¢P®­¡
j
§M¡S¶§M¡Zµq¡S¢°´qÀ
¸¢P¨´M¡¤¯S®o±U§Mµq¡
½
¥ﬂ¢E­ ¥­P­Uµ¥ﬂ¢ ¡W­¨¡¤¹A§M®o² ´MP¡ä§M®°®ﬂ´
FXi
´M®
j
Ä
Í
P¡¬·±E­UÀ¯S®²³¶P£¡Z´M¸®o¢¶PE¥ﬂµq¡´j¥Þ{¡Sµ
!$#ﬀ% TPU.+

'

¥µÆ¸¢P¶±´z¥¢P­¯S®o¢UÀ
µ´q§M±P¯a´Mµã´MP¡+µq±·´q§M¡S¡
®¹
j
Ä 	
¸¢¯S¡¥ﬂ££=´MP¡
¶§M¡Z§M¡SÊ±¸µq¸´M¡Zµ,®¹
j
¥ﬂ§M¡
¥£N§M¡W¥­U¼ﬃ¸¢´MP¡¾©lª¬«Ç¸¡ZÁ
½
´MP¡µq±P·U´q§M¡S¡¾®ﬂ¹
j
¯W¥¢·I¡¾¯S®o²³¶£¡Z´M¡W­
¸¢7´XÁﬀ®É¸N´M¡Z§j¥g´M¸¦®¢Pµ³®ﬂ¹%´M¡ﬃ®±´M¡Z§£®°®o¶ì®¹
Q
£¨o®ﬂ§M¸N´MP²
<#ﬂ;ﬀI
Äçâ
¢
´MP¡¾Ë§Mµ´,¸N´M¡Z§j¥g´M¸®o¢¤®o¢£N¼
!$#ﬀ%:TPU.+

'

¸µã¢®o¢¡S²³¶´\¼
½
¥¢E­Ã´MP¡
¥£¨o®ﬂÀ
§M¸N´MP² ¯Z§M¡W¥g´M¡Sµ³¢P¡ZÁ
ﬁG"H
½
"ﬂI<
½
J
ﬀ M
½

J

¥¢P­
 ;ﬀm"<GOn¯jP¸£¦­U§M¡S¢ﬃ®¹
j
ÄzÍ
P¡¾µq¡S¯Z®o¢E­Ã¸N´M¡Z§j¥ﬂ´M¸®o¢¯S®o²³¶£¦¡a´M¡Sµﬀ´MP¡S¸N§µq±·´q§M¡S¡Zµ
·°¼ç§M¡S±µq¸¢P¨É´MP¡¡Z»U¸µ´M¸¦¢¨
ﬁ<Hﬃ "!<
¥¢P­
!ﬃ F G 
¢P®­U¡Sµ
Äf	
¸¢P¯S¡
¢P®¢¡ZÁî¢P®­¡Zµ¥g§M¡%¨¡S¢P¡a§j¥ﬂ´M¡W­¸¢´MP¡µq¡Z¯S®o¢P­µ´M¡S¶
½
´M¡¬¸´M¡a§j¥ﬂ´M¸®o¢
´M¡Z§M²³¸¢E¥g´M¡Sµ
½
¥£N´MP®±P¨ﬃ´MP¡,µq±P·´q§M¡Z¡,±P¢P­¡Z§
j
²¥S¼³E¥WÇ{¡,¥­¡S¶U´M
¨§M¡S¥ﬂ´M¡Z§%´ME¥ﬂ¢ﬃ´XÁ®³­±¡,´M®¸N´Mµ¬¶§M¡Z§M¡SÊ±¸µq¸´M¡Zµ%¸¡Z§j¥ﬂ§M¯j°¼
Ä 
$8.   ?gCê@H>ADCêUGFESFDEW<ADIG ? ﬀﬀ)9= ﬀ
+
GIs>ÌFP@H@<AGo7 :;=F!ﬀSOﬀ.
u¸£¦¡Ã´MP¡ËP§Mµ´¥¢E­7µq¡S¯Z®o¢E­7¶E¥µq¡
E¥WÇ{¡·I¡S¡Z¢7¶§M¡Sµq¡S¢°´M¡W­ç¥µ¯Z®o²³¶P£¡Z´M¡Z£¼çµq¡S¶E¥g§j¥ﬂ´M¡
½
¸¢7¶§j¥ﬂ¯Z´M¸¯S¡¸N´
²¥S¼ ·I¡ç¥o­Ç¥¢°´j¥ﬂ¨o¡S®±Pµ´M®ÂöX¶¸¦¶I¡Z£¦¸¢¡S÷î´M¡S²
Ä"â
¢u¶E¥ﬂ§q´M¸¯S±£¦¥ﬂ§
½
¯S®¢Pµq¸¦­¡Z§#´MP¡í¯W¥ﬂµq¡7Á¬P¡Z§M¡ ek[C¥¡Z¯Z´Mµê·P¥µq¡7´j¥·£¡Sµ#¹A®§ç·I®´M
e=g
 




¥¢E­ e=g
 


 V
Ä â
´²¥Þ{¡Zµµq¡S¢Pµq¡ä´M®ç¯S®o²³¶±´M¡
e=g
 




ËP§Mµ´
½
¥££®WÁ¬¸¢P¨´MP¡S$C¢®­¡Sµ¸¢Ã´MP¡ã´q§M¡Z¡,´M®·I¡ã¡Z»À
¶E¥ﬂ¢E­U¡W­¾¥¢P­,´M±Pµ
ý ~
I
(ì´M®·I¡Æ¸¢¯Z§M¡S²³¡S¢°´M¡W­,·I¡a¹?®§M¡4e=g
 


 V
¸µã¡a»¡Z¯S±´M¡W­
ÄÍ
¸¦µ¬¹?®££¦®WÁ¬µ,´M¡+®o·Pµq¡a§MÇo¥g´M¸¦®¢¤¸¢
ÑNïgõgÓ
´ME¥ﬂ´ã¸¢P¯Z§M¡aÀ
²³¡S¢°´j¥£PÊ°±P¡Z§M¸¡SµÆµqP®±P£¦­·I¡¬¡SÇo¥ﬂ£±E¥ﬂ´M¡S­³¥¯S¯S®ﬂ§j­¸¢P¨´M®´MP¡Z¸§'öXµ´q§j¥gÀ
´M±P² ¢U±²·I¡Z§M÷
½
Á¬P¸¯aÃ§M¡@?E¡Z¯Z´Mµ%­¡S¶I¡S¢P­¡S¢¯Z¼³§M¡S£¦¥ﬂ´M¸®¢PµqP¸¶
Ä
K9=sgr	ós
7I<?Go7V.

±¡Z§q¼ç²³¡a§M¨o¸¢P¨äP¥µ+·I¡S¡S¢7¶U§M®gÇ{¡W­ê±µq¡Z¹?±£
¹?®ﬂ§µ¼Uµ´M¡S²³µ¾´M®¶P±P·£¸¦µq#§M¡S£¦¥ﬂ´M¸®o¢P¥£­¥ﬂ´j¥¸¢©lª¬«
ÑNïï
½
ÒÓ
ÄﬃÍ
P¡
¸¦­¡W¥³¸µ,´M®³§M¡W­U±P¯S¡+´MP¡+¢±P²'·I¡Z§%®¹Ê±¡Z§M¸¡Sµ,¸µqµq±¡W­ä´M®´M¡ßlàPª¬á
·°¼#²³¡Z§M¨o¸¢P¨ﬃ²±£´M¸¶£¦¡Ê±¡Z§M¸¡Sµ¸¢°´M®¤¥µq¸¢P¨£¦¡
½
£¦¥ﬂ§M¨o¡a§Ê°±P¡a§q¼ÉÇU¸¦¥
®o±U´M¡Z§qÀ

®¸¦¢Bjﬂ®±´M¡Z§qÀ±P¢¸®o¢
Ä

±¡Z§q¼ì²³¡Z§M¨o¸¢P¨ç¯W¥¢ ¡S£¶u­¡Z¯Z§M¡W¥µq¡
´MP¡Æ¯S®²³²±P¢¸¯W¥ﬂ´M¸®o¢¯Z®oµ´Mµ·I¡Z´\Áﬀ¡S¡S¢´M¡z²³¸¦­P­U£¡ZÁ¥g§M¡¥ﬂ¢E­+ß)àª¬á
½
Á¬P¸£¡¥ﬂ£¦µq®,¶I®´M¡S¢°´M¸¦¥££N¼'­¸²³¸¢P¸µqP¸¢P¨ãÊ°±P¡Z§q¼¾¶§M®°¯S¡Sµqµq¸¢¨ã´M¸²³¡ﬀ¥ﬂ¢E­
¡Z»U¡S¯S±U´M¸®o¢ä®gÇ{¡Z§M¡W¥o­Uµ
Ä
Í
P¡Ã¨o¡Z¢P¡Z§j¥g´M¸¦®¢î®ﬂ¹,µq±·´q§M¡S¡Zµ±P¢P­¡Z§'·P±P­µ
¸µµq¸²³¸£Ì¥g§´M®¤´MP¡
®§M¸¨¸¦¢P¥£%¶§M®°¯S¡Zµqµ®¹,ÎUÏEÐ ¨¡S¢P¡a§j¥ﬂ´M¸®o¢
Ñ ÒﬂÓ
½
¥¢P­íÊ±¡Z§q¼7²³¡Z§M¨¸¢P¨
¯W¥ﬂ¢·I¡¾±µq¡W­ﬃ¸¢ﬃ´M¡¾·P±P­UÀ¯S®²³¶P£¡Z´M¸®o¢¶PP¥µq¡,´M®²³¡Z§M¨o¡ã²±P£N´M¸¶P£¡
¡W­U¨o¡ZÀ¨o¡Z¢P¡Z§j¥g´M¸¦¢¨Ê°±P¡Z§M¸¡Sµ¬®¹=´MP¡¾¹?®ﬂ§M² e=g
 
 




û"!$#ﬀ%

ß
¥ﬂ¢E­
e=g
 
 


 V
û"!$#ﬀ%

ß
¸¢´M®®o¢P¡
ÄÈ
®WÁﬀ¡SÇo¡Z§
½
´M¡,§M¡S±µq¡®¹¡Z»U¸µ´M¸¢P¨
µq±P·U´q§M¡S¡Sµ
¸µ¥ﬂ¢¸²³¶I®§q´j¥¢°´'­¸ ¡Z§M¡Z¢P¯S¡
½
¥ﬂ¢E­­U¸N§M¡S¯Z´'¥¶¶P£¸¯W¥ﬂ´M¸®o¢
®¹´MP¡²³¡Z§M¨¸¢P¨´M¡S¯jP¢¸¦Ê±¡Sµ,¹A®§'ÎUÏEÐ
]Ñ ÒﬂÓ
²¥S¼É£¡W¥o­#´M®ä±P¢¢P¡S¯ZÀ
1;=845 = 82H-/= 4F2316 1	7845\;2 ﬀ
MTW{V\]XK
,

'
Rg}Y\KM]
oVXKMVXK *
,% +
3 jTWoVX]XK
.
Rﬂ}ﬂY\Kj]
]YXo{KMyﬂY
,')' 1)'
Rg}Y\KM]
YXQgWKMyRg}
5 % ,'
3 MTW{VX]\K
.
Rﬂ}ﬂY\Kj]
YXQS{WgYXRg}
,
3
1
MTW{V\]XKM]
.
Rﬂ}ﬂY\Kj]
¬<87:9=sg<;"6F=ﬀF &>A9ﬀW<Z,oOﬀ
¡ZµqµM¥ﬂ§q¼ì§M¡S¯S®o²³¶±´j¥g´M¸¦®¢Pµ
Ä
9
®o¢µq¸¦­¡Z§ﬃ¥¢î¡W­¨¡
û
M
ﬃ
E
ß
¨o¡S¢¡Z§j¥ﬂ´M¡S­
·°¼<e=g
 
 
-



Äêâ
¹%¢®­¡
Eﬃ¥ﬂ£N§M¡W¥o­¼CÖ Û
I
Ú
I
½
´MP¡Z¢´MP¡Z§M¡¸µ¢P®
¢¡S¡W­´M®§M¡S¯S®²³¶P±´M¡¸N´Mµﬀµq±·´q§M¡S¡
½
¥¢P­ Eµq®o±£Ì­³¢®´ﬀ·I¡¬¸¢P¯Z£¦±P­¡W­
¸¢
!$#ﬀ%

¹?®§´MP¡Ã¯S®o²³¶±´j¥ﬂ´M¸®¢7®¹]e=g
 
 
-

 V
û"!$#ﬀ%

ß
ÄÍ
P¸µ
¯S¥¢Ã·I¡,¥WÇ{®¸Ì­U¡W­·¼¥o­­¸¢P¨'¥
¯Z®o¢E­U¸N´M¸¦®¢¸¦¢´MP¡
ﬀﬂ< 
¯S£¦¥±µq¡,®ﬂ¹
e2g
 
 
-

 V
û"!$#ﬀ%

ß
½
¡Z¢Pµq±§M¸¢¨,´ME¥g´6Eﬀ¸µÆ¢P®ﬂ´ﬀ¥ﬂ£§M¡S¥o­U¼ ¸¢
ý ~
I
(
Ä
 ¸´Mê´MP¸µ+²³¸¦£¦­É¡Z»´M¡S¢Pµq¸®¢
½
®¢P¡³¯W¥ﬂ¢ç±Pµq¡´M¡¯S®µ´²³®­U¡S£Æ¥¢E­
²³¡a§M¨o¸¢P¨%¥£¨®§M¸N´MP²³µ)®¹
Ñ ÒÓ
´M®%­¡a´M¡Z§M²³¸¢P¡HÁ¬E¥g´Ê°±P¡a§M¸¦¡Zµl´M®¬²³¡Z§M¨¡
·I¡a¹?®§M¡
Q
£¨o®ﬂ§M¸N´MP²
#ﬂ;ﬀI
¸¦µ¡Z»U¡S¯S±´M¡S­
½
¥¢P­ç´M±Pµ+¹?±§q´M¡Z§®¶´M¸NÀ
²³¸ëS¡¨¡S¢P¡a§j¥ﬂ´M¸®o¢®ﬂ¹µq±P·U´q§M¡S¡Sµ±P¢P­¡Z§·±E­µ
ÄHÍ
P¡ﬀ´q§j¥­¡S®ﬃ¸µ´ME¥g´
´M¡¾¥g´q´q§M¸¦·±´M¡%§M¡S£¦¥ﬂ´M¸®o¢µ%¢¡S¡W­³´M®'·I¡ã²¥ﬂ´M¡Z§M¸¦¥ﬂ£¦¸ëS¡S­ﬃ¸¢ﬃ´M¡¾ßlàPª¬á
Ä
6. Experimental Results
s
±U§=¡a»¶I¡a§M¸¦²³¡Z¢´j¥ﬂ£¡ZÇo¥ﬂ£¦±P¥ﬂ´M¸®o¢¾¹A®°¯S±Pµq¡ZµH®o¢¾´M¡Æ¡¡S¯Z´)®¹­P¥g´j¥·E¥ﬂµq¡
¥ﬂ¢E­³±P¶­¥ﬂ´M¡%µq¸ëS¡,®¢´M¡ã¶I¡a§q¹?®§M²¥ﬂ¢P¯S¡%®¹)®o±U§¬¥¶¶§M®o¥¯jﬃ¥ﬂ¢E­³®o¢
´M¡¡¡S¯Z´M¸Ç{¡Z¢P¡Sµqµ¬®¹=´MP¡¾¶U§M®o¶I®oµq¡S­µq±P·U´q§M¡S¡¯W¥¯jP¸¢¨µ´q§j¥ﬂ´M¡S¨ﬂ¼
Ä
ç¡ã·±P¸£¦­´MP¡%µq®o±§M¯Z¡,­¥ﬂ´j¥·P¥µq¡ã·E¥µq¡S­Ã®¢´M¡ãµq¯jP¡Z²¥¾®¹
c
»À
¥ﬂ²³¶P£¡
ô
Ä
ô
½
·P±´zÁ¬¸N´Mä¥¢ﬃ¥o­­¸N´M¸®o¢P¥£
ﬂ;ﬃ :< :i_
´j¥ﬂ·P£¡,¨¸¦Ç¸¢P¨'¸¢À
µ´j¥ﬂ¢P¯S¡Zµ,®¹¶U§M®¹A¡Sµqµq®§Mµ,´M¡S¥¯jP¸¢P¨³¯S®±§Mµq¡Sµ
ÄÍ
P¡
­P¥g´j¥·E¥ﬂµq¡'µq¸ëS¡+¸µ
¨¸Ç{¡S¢³¸¢´M¡Z§M²³µ®¹´MP¡¢±²·I¡Z§®ﬂ¹)¯Z®o±§Mµq¡Zµ
½
Á¬¸´M³µq¯S¥£¸¢P¨¹~¥ﬂ¯Z´M®§Mµ
¹A®§z®´M¡Z§´j¥·£¦¡Zµz¨¸¦Ço¡S¢¸¢
ú
¸¨
Ä
ïgô
Ä
Q
µq²¥ﬂ£¦£¡Z§Æ¶I®°®£P®¹`

®¹E´M¡
¯Z®o±§Mµq¡Zµ,¥g§M¡±Pµq¡W­ﬃ´M®¸¦¢¸N´M¸Ì¥ﬂ££¼·P±¸¦£¦­´MP¡¾´q§M¡S¡
ÄÆâ
¢¡¡S¯a´
½
`ä¯S®¢À
´q§M®£µz´MP¡¬¶U§M®o·E¥ﬂ·P¸£¸N´X¼³¥¾¢¡ZÁî¶§M¡Z§M¡WÊ°±¡Sµq¸N´M¡¬Á¬¸££I¡Z»U¸µ´¸¢´M¡¬´q§M¡Z¡
¥ﬂ£N§M¡W¥o­¼
Ä,ú
®§,´M¡§M¡S¯S±§Mµq¸Ç{¡
¶E¥g§q´,®ﬂ¹´MP¡+µq¯a¡S²¥
½
·I¡Z´XÁ¡S¡S¢É®o¢¡
¥ﬂ¢E­7´M§M¡S¡Ã§j¥¢P­®o² ¶§M¡Z§M¡SÊ±¡Sµq¸N´M¡SµÁ¬¸N´Mî£®WÁﬀ¡a§
ﬁG"H
µ¹Ì§M®o² ´M¡
¶I®°®£=¥g§M¡¾¨o¡Z¢P¡Z§j¥g´M¡W­ﬃ¹?®ﬂ§¬¡W¥¯j¯Z®o±§Mµq¡
ÄÍ
¡¾²¥ﬂ»U¸²±²Â­¡S¶U´Mﬃ®ﬂ¹
´M¸µ¬§M¡Z¯S±§Mµq¸Ç{¡¶P¥ﬂ§q´¬¸µã£¸²³¸N´M¡W­Ã´M®
ð
£¡SÇ{¡S£µ¬®¹©lª¬«'¢®­¡Sµ
Ä
Q
¢ê±¶­P¥g´M¡¯S®o¢µq¸µ´Mµ
®ﬂ¹¸¢Pµq¡Z§q´M¸¢¨ä®§
­U¡S£¡Z´M¸¢P¨¤¥Ã¯S®o±U§Mµq¡¥¢E­
¸N´Mµ¥ﬂµqµq®°¯S¸¦¥ﬂ´M¡W­¶U§M¡Z§M¡WÊ°±P¸µq¸N´M¡Sµ
ÄHú
¸»U¡W­+µq¸ëS¡ﬀ·P¥ﬂ´M¯jP¡SµH®ﬂ¹
J
Ö

ÝPÛ?Ý
ý
MaØ
±¶­P¥g´M¡Sµ
½
`
ek[
½
¥ﬂ§M¡¬¨o¡Z¢P¡Z§j¥g´M¡W­·°¼'¡Z¢Pµq±§M¸¢¨,´ME¥g´z¸¢µq¡Z§q´Mµ¥g§M¡
¢®´'­±¶P£¸¯W¥ﬂ´M¡Zµ+¥¢E­É´ME¥g´
­¡S£¡Z´M¡W­ê¯S®o±U§Mµq¡Sµ
¥ﬂ§M¡³¶§M¡Zµq¡S¢°´
Ä%	
¸¢P¯Z¡
­U¡S£¡Z´M¡SµÃ¸¢u®o±§ﬃµ¼Uµ´M¡S² ¨o¡Z¢P¡Z§j¥ﬂ£¦£N¼u¡a»¡Z¯S±´M¡¤²'±P¯jî¹~¥ﬂµ´M¡Z§Ã´ME¥¢
¸¢µq¡Z§q´Mµ
½
¸¦µ+¯S®¢Pµ´q§j¥ﬂ¸¦¢¡W­ê´M®ﬃE¥WÇ{¡
õ
*

¸¢Pµq¡Z§q´Mµ+±¢P£¡Sµqµ+µ´j¥ﬂ´M¡W­
®ﬂ´MP¡Z§qÁ¬¸µq¡
ÄÍ
P¡ã£®°¯W¥£¸N´X¼ﬃ®¹=±P¶­P¥g´M¡Sµﬀ¸µﬀ¯S®¢°´q§M®o££¡W­ﬃ·°¼µq¡S£¡S¯Z´M¸¢¨
´M¡'±¶­P¥g´M¡Sµ,¸¢

¹A§M®²º¥§j¥¢P­®²5¶U§M¡ZÀ¨o¡S¢¡Z§j¥ﬂ´M¡W­uö\±P¢P¸Ç{¡a§Mµq¡
½
÷

½
®¹
¯S®±§Mµq¡Sµ
Ä
 P¡S¢  ¸µµq²¥££¡Z§
½
´MP¡É±¶­P¥ﬂ´M¡Zµﬃ¸¢

¥g§M¡
²³®ﬂ§M¡'§M¡S£¦¥g´M¡W­
ÄÍ
P¡¶P¥ﬂ§j¥ﬂ²³¡Z´M¡Z§Mµ¥ﬂ¢E­¤´MP¡S¸N§+­U¡Z¹~¥ﬂ±P£N´+Ço¥ﬂ£±P¡Sµ¥g§M¡
µq±²³²¥ﬂ§M¸ëS¡W­¸¢
ú
¸¨
Ä
ï*
Ä!c
»U¶I¡Z§M¸²³¡S¢°´Mµ¥g§M¡¶I¡Z§q¹?®ﬂ§M²³¡W­ﬃ·°¼³§M±P¢UÀ
¢¸¢P¨äµq¡WÊ°±¡S¢P¯S¡Zµ
®ﬂ¹µq±P¯jç·P¥ﬂ´M¯jP¡Sµ¹A®§+´XÁ®Áﬀ®ﬂ§MÞU£®o¥o­µ
ï
¥¢E­

ô
½
¥ﬂ¢E­±µq¸¢P¨ÉèZØ×oé\ÙZØUÚ)´M®³¶§M®¶E¥¨o¥ﬂ´M¡´MP¡¯jE¥ﬂ¢P¨¡Sµ%´M®´M¡¡Z»À
´M¡a§M¢E¥£Æ´q§M¡S¡
ÄÉÍ
¡³ËP§Mµ´
Áﬀ®§MÞ£®{¥­
½

ï
½
¯S®¢Pµq¸µ´Mµ®ﬂ¹ã¡a»¡Z¯S±´M¸¢P¨
µq±¯a¤·P¥ﬂ´M¯jP¡W­ä±¶­P¥g´M¡Sµ,¥ﬂ¨{¥ﬂ¸¦¢µ´®o±U§,¡a»P¥ﬂ²³¶P£¡+ÎÏIÐ
½
S
=
Ä
Q
µq¡S¯ZÀ
®¢E­Á®§MÞ£®{¥o­
ô
²³®­¸NËE¡Zµ\S
=
´M®§M¡Zµ´q§M¸¦¯a´ä¶§M¡a§M¡WÊ°±P¸µq¸N´M¡SµÃ´M®
¯Z®o±§Mµq¡Zµ´j¥±¨o°´·°¼¸¦¢µ´q§M±P¯Z´M®ﬂ§Mµz¹Ì§M®o² ´MP¡%¯S®o²³¶±´M¡Z§Æµq¯S¸¡S¢¯S¡,­U¡ZÀ
¶P¥ﬂ§q´M²³¡S¢°´
ÄÍ
±Pµ
½

ô
¸¢°´q§M®­±¯S¡Sµ+¥

®o¸¢ç´M®
ﬂ;ﬃ :ﬀ:i_
¸¢ê´M¡
§M¡Z¯S±§Mµq¸Ç{¡¶P¥ﬂ§q´%®¹H´M¡¾Ç¸¡ZÁ
Ä
Í
¡ã¡a»¶I¡a§M¸¦²³¡Z¢´MµÁ¡Z§M¡%§M±¢®o¢Ã¥¾µ¼Uµ´M¡S² Á¬¸N´M¥
ô
R
È
	

¡Z¢À
´M¸±²
Ò
¶U§M®°¯S¡Sµqµq®ﬂ§Á¬¸´M
ï
R
·°¼´M¡SµH®ﬂ¹

Îlª]Po´M¡Z¼¾Á¡Z§M¡ﬀ¯S®¢E­±¯Z´M¡W­
Á¬¸N´Mç¥
 
Õ
ý
Ö
û
ôoõﬂñ
 
ß
½
ù

Õ
J
ßlàPª¬á'·±¡Z§,¯W¥¯jP¡
Ä
u¸£¦¡'¸¢À
¯a§M¡S²³¡S¢°´j¥£ã±P¶­P¥g´M¡É²¥W¼ì§M¡W¥ﬂµq®o¢E¥ﬂ·P£N¼ ¥WÇ{®¸Ì­u­U¸µqÞ ¥¯Z¯S¡Sµqµµq¸¢¯S¡
´M¡'§M¡S£¡SÇ¥¢°´+­¥ﬂ´j¥Á¥µ

±Pµ´+±¶­P¥ﬂ´M¡S­
½
¹?±£¦£N¼É¯W¥ﬂ¯a¡W­ê®¶I¡Z§j¥ﬂ´M¸®¢
¹A®§¬­U®°¯S±P²³¡Z¢´z¶P±·P£¸µqP¸¢P¨¸µ¥ﬂ£µq®
§M¡W¥ﬂµq®o¢P¥·P£¡
½
¥g´£¡W¥µ´z¹?®§ﬀ¶P±P·UÀ
£¸µqP¡S­Ã©lª¬«+­P¥ﬂ´j¥±¶´M®¥¾¹?¡aÁ ´M¡S¢Pµz®¹)²³¡S¨{¥ﬂ·°¼U´M¡Zµz¸¢µq¸ëS¡
½
¨o¸Ç{¡S¢
²³®­U¡Z§M¢+­P¥g´j¥·P¥µq¡¯S®o¢UËE¨±§j¥ﬂ´M¸®¢Pµ
Ä0	
¸¦²³¸£¦¥ﬂ§M£N¼
½
´M¡Æ¡a»U´M¡a§M¢E¥£©lª%«
´q§M¡Z¡
û
µq¡S¡
	
¡Z¯Z´
Ä
*oß
¸µ'¹A±P££N¼7¯W¥¯jP¡S­¸¦¢

ÎlªÂ®o¢7´MP¡µM¥²³¡µ¼UµÀ
´M¡Z²
Ä c
¥ﬂ¯aç¡Z»U¶I¡Z§M¸²³¡S¢°´¾Á¥ﬂµ+§M±¢êËPÇ{¡´M¸²³¡Sµ+¥¢P­#´M¡³¥WÇ{¡Z§j¥¨¡

6+8
4  .= -2F-/S  E= 	431:= 4

YX{KXoy{[ |gKMVX]XKﬀTS°Y\{K°QZY\KM
jTWoVX]XKM]
+)')'

YX{K UKMVjKMygYQSWKíTS  [NyCY\{K
{{R{LN[N]\{KM2Q{O|[NKu 
5)'ﬁﬀ
ﬂ
Q{y{[ YCTS  TWV jTWygYXQS[Ny{[Ny{
RUTSY\[Nyo]XKMV\Y\[NTWy{]zQSy{{KMLNKqY\[NTWy{]
ﬃ
ﬂ
ﬃﬂ
,')'
 YX{K{QZYQSR°QS]\Kã]\[! MK
ﬃ

ﬃﬂ
,'#"
¬<87:9=sg<; hF=ﬀF &>A¤DE.ﬀSroC&DI> ﬀ
¸µﬀ§M¡S¶I®§q´M¡S­Ã¡Z§M¡
Ä
Q
££I¢±P²'·I¡Z§Mµ®·´j¥¸¢¡W­¹A®§¬¡W¥ﬂ¯a¥WÇ{¡Z§j¥¨¡¥ﬂ§M¡
Á¬¸N´MP¸¢
ñ

®¹H´M¡¥WÇ{¡Z§j¥ﬂ¨o¡Ç¥£±P¡
Ä (
¢P£¡Sµqµ®ﬂ´MP¡Z§qÁ¬¸µq¡+¢P®ﬂ´M¡W­
½
Áﬀ¡
±Pµq¡S­Ã´MP¡¶U§M®o¶I®µq¡W­¯W¥ﬂ¯a¸¦¢¨µ´q§j¥ﬂ´M¡Z¨¼
Ä
¡¯S®²³¶E¥g§M¡´M¡¯S®oµ´®¹%¸¢P¯Z§M¡S²³¡Z¢´j¥ﬂ£±¶­P¥ﬂ´M¡Ã¥ﬂ¨{¥¸¢µ´´MP¡
¯S®µ´®¹,¹A±P££´q§M¡S¡ﬃ§M¡Z¯Z§M¡W¥ﬂ´M¸®¢î¹?®ﬂ§Ã¥êÇ¥ﬂ§M¸¡Z´\¼7®¹¾­P¥ﬂ´j¥ﬂ·E¥ﬂµq¡äµq¸ëS¡Sµ
Ä
¡+µq¯W¥ﬂ£¡
´M¡+­P¥ﬂ´j¥ﬂ·E¥ﬂµq¡'·°¼ÃÇo¥g§q¼U¸¦¢¨O$ [&$U¹A§M®²
ï
* *
´M®
ï
*
4
½
¥ﬂ¢E­
µq¡Z´q´M¸¢P¨ $

$Æ´M®
Ò

®ﬂ¹7$ [&$
Ä ú
®ﬂ§ﬃ´M¸µﬃ¡Z»U¶I¡Z§M¸²³¡S¢°´
½
£®°¯W¥ﬂ£¦¸N´\¼u¸µ
¢P®ﬂ´Ã¯S®o¢µq¸Ì­U¡Z§M¡W­
û

`
[
½
`
`
ï
* *

ß
Ä ú
¸¨±§M¡
ïSÒ
û
¥
ß
µq®WÁ¬µ
´MP¡¾§M¡Zµq±P£N´M¸¢P¨³´M¸²³¡¾Á¬¸´Mf$ [&$®o¢É¥£®o¨ﬂÀµq¯W¥£¡'¹A®§%Áﬀ®ﬂ§MÞU£®o¥o­µ
ï
¥¢P­$
ô
Ä n
®ﬂ´+µq±§M¶§M¸µq¸¢P¨£N¼
½
¸¢P¯Z§M¡S²³¡Z¢´j¥ﬂ£±P¶­P¥g´M¡¹~¥g§
®o±´M¶I¡a§qÀ
¹?®ﬂ§M²³µ%¹A±P££)§M¡Z¯S®o¢µ´q§M±P¯Z´M¸®o¢¤¹A®§ãµq²¥££=±¶­P¥ﬂ´M¡Zµ%®¢P¯S¡´M¡
®gÇ{¡a§j¥££
­P¥g´j¥·P¥µq¡µq¸ëS¡¨o¡a´Mµ¬¥¶P¶U§M¡S¯S¸¦¥·£N¼£¦¥ﬂ§M¨¡
Ä n
®ﬂ´M¡,´ME¥g´¬¸¦¢¯Z§M¡S²³¡S¢°´j¥ﬂ£
±P¶­¥ﬂ´M¡¹A®§%
ô
¸µ
¹?¥µ´M¡Z§'´ME¥ﬂ¢ç¹?®ﬂ§&
ï
µq¸¦¢¯S¡³´MP¡´q§M¡S¡¸µ
µq¸¦¨ﬂÀ
¢P¸NËP¯W¥¢°´M£N¼¤µq²¥££¡Z§
û
¥ﬂ¢E­ä´M±Pµ%£¡Sµqµ±P¶­¥ﬂ´M¡+Áﬀ®§MÞ¸¦¢¤´M¡
´q§M¡S¡'¸µ
¢P¡Z¡W­¡W­
ß
Ä
ú
¸N»U¸¦¢¨ $ [&$
`
ï
*('
½
Áﬀ¡äÇ¥ﬂ§q¼ $

$z¥ﬂ¢E­ìµ´M±E­U¼7´M¡·I¡SP¥WÇU¸®ﬂ§
®¹Æ¸¢P¯a§M¡S²³¡S¢°´j¥£l±P¶­¥ﬂ´M¡Çµ
Ä
¹A±P££=´q§M¡S¡§M¡S¯Z§M¡S¥ﬂ´M¸®o¢
Ä%Í
P¡§M¡Sµq±P£N´ã¸µ
¶§M¡Zµq¡S¢°´M¡W­¤¸¦¢
ú
¸¨
Ä
ïZÒ
û
·
ß
Ä
Q
µã´MP¸µ,ËP¨o±U§M¡'µq®gÁ¬µ
½
¹A®§)
ï
¥ﬂ¢E­

ô
½
èZØ×ÃÙZØÚ=µq¯W¥ﬂ£¡Sµ¬¢P¸¯S¡S£N¼ÃÁ¬¸´Mﬃ´MP¡¾µq¸ëS¡®ﬂ¹H´MP¡¾¯jE¥ﬂ¢P¨¡¸¦¢Ã´MP¡
µq®o±U§M¯S¡ä­¥ﬂ´j¥ﬂ·E¥µq¡
½
$

$
Ä
¡Ã¢P®ﬂ´M¡ﬃ´MP¥ﬂ´´M¡èZØ×oé\ÙZØÚ%¥¶P¶U§M®{¥ﬂ¯a
¸µµq¡S¢Pµq¸N´M¸Ç{¡ä´M®ê´M¡äµq¡S£¡S¯Z´M¸Ç¸N´X¼î®¹¾´M¡äÎÏIÐóÊ°±¡Z§M¸¡Sµ
½
¥¢P­î£®WÁ
µq¡S£¡S¯Z´M¸Ç¸N´X¼£¡W¥­µﬀ´M®
µq±P·Pµ´j¥ﬂ¢°´M¸Ì¥ﬂ£l¥¯Z´M¸Ç¸N´X¼®o¢´MP¡%E¥ﬂµqﬃ¸¢P­¡Z»¸¢
´MP¡+µq±·´q§M¡S¡
¶I®°®o£
Ä
Q
¯S¯S®ﬂ§j­¸¢P¨£N¼
½
´MP¡
¸¢P¯Z§M¡S²³¡Z¢´j¥ﬂ£=±¶­P¥ﬂ´M¡
¥ﬂ¢E­
´MP¡¬¹?±££E´q§M¡S¡%§M¡Z¯Z§M¡W¥ﬂ´M¸®¢Ã¹A®§
ï
¥ﬂ¢E­*
ô
¯Z§M®oµqµzÁ¬P¡S¢
ï
*

¥ﬂ¢E­
ð
*

®¹´M¡­P¥g´j¥·E¥ﬂµq¡+¸¦µ¬±¶­P¥ﬂ´M¡S­
½
§M¡Sµq¶I¡S¯Z´M¸Ç{¡Z£¼
Ä
Í
®¸¢Ç{¡Sµ´M¸¨{¥g´M¡´MP¡¸²³¶E¥ﬂ¯Z´Æ®¹´MP¡µq±·´q§M¡S¡¬¶I®°®o£
½
Á¡¬¡SÇo¥ﬂ£±E¥ﬂ´M¡
´MP¡+¶I¡Z§q¹A®§M²¥ﬂ¢P¯S¡
¸²³¶E¥¯a´,®ﬂ¹z´M±U§M¢P¸¢P¨³¸N´¾®
Ä
ç¡ËP» $

$
`
ï
* *
¥¢P­ﬃÇ¥ﬂ§q¼ $  $¹Ì§M®o²
ï
* *
´M®
ñ
* *
û
­¡S¯Z§M¡S¥µq¸¢P¨´M¡¾£®°¯W¥£¸N´X¼ﬃ®¹H±P¶À
­P¥g´M¡Sµ¥ﬂµê¨§M®WÁ¬µ
ß
¹A®§
ï
Ä
û
â
¢´M¸µﬀ¡Z»U¶I¡Z§M¸²³¡S¢°´
½
´M¡ã¶I¡Z§M¯Z¡S¢°´qÀ
¥¨¡'®ﬂ¹Æ¸¦¢µq¡Z§q´Mµ,¸¢

¸µ,¥££®gÁ¡W­¤´M®³Ço¥g§q¼
Ä
ß
ú
¸¢E¥££N¼
½
Á¡'¯S®¢Pµq¸¦­¡a§
´XÁ®¬Ço¥ﬂ£¦±¡Sµ=®ﬂ¹ `
½
õ
*

¥ﬂ¢E­
ð
*

½
´M®¬¯S®o¢°´q§M®o£´MP¡Æ¶§M®o·P¥·¸¦£¸N´X¼,´ME¥ﬂ´
¥¨o¸Ç{¡Z¢äµq±P·U´q§M¡S¡¾Á¬¸£¦£=¥£N§M¡W¥­U¼¤¥ﬂ¶P¶I¡W¥g§%¸¦¢ä´M¡,´q§M¡S¡
ÄﬀÍ
P¡¾§M¡Sµq±£N´Mµ
¥ﬂ§M¡%µqP®WÁ¬¢¸¢
ú
¸¦¨
Ä
ïgõ
û
¥
ß
½
Á¬P¡a§M¡,¡W¥ﬂ¯a³¶I®¸¦¢°´z§M¡S¶§M¡Sµq¡Z¢´MµÆ´MP¡%¥WÇ°À
¡Z§j¥ﬂ¨o¡®ﬂ¹
ô
*
µq±P¯j#¡Z»U¶I¡Z§M¸²³¡S¢°´Mµ
½
Á¬¸N´Mê¨o¥ﬂ§M·E¥ﬂ¨o¡³¯S®££¦¡Z¯Z´M¸®o¢êË§M¡W­
¥ﬂ¹Ì´M¡Z§%¡W¥¯j
+Ä
Q
µ¡Z»U¶I¡S¯Z´M¡S­
½
´MP¡¾¸²³¶P¥¯Z´¬®ﬂ¹µq±P·´q§M¡Z¡¾¯W¥¯jP¸¢¨¸µ
¨§M¡S¥ﬂ´M¡Sµ´¾Á¬¸N´M
IuJ8
ÖaÕ¬Ço¥ﬂ£¦±¡Sµã¹A®§ $  $I¥¢P­ `
Ä
u¸N´M `
`
õ
*

½
´MP¡¸¦²³¶P¥¯Z´¸µµq±P·µ´j¥¢°´M¸¦¥£ã¥¯Z§M®µqµÃ´M¡§j¥¢¨o¡
Ä È
®WÁﬀ¡SÇ{¡a§
½
´MP¡
¯S±U§MÇ{¡Sµã¹A®§2`
`
ð
*

¥ﬂ§M¡
§j¥ﬂ´M¡Z§5?I¥g´
½
µq¸¦¢¯S¡²³®µ´¾¯W¥ﬂ¯a¡W­¤µq±P·UÀ
´q§M¡S¡Sµ+¥g§M¡µq²¥ﬂ£¦£­U±P¡
´M®îö\¢E¥ﬂ´M±U§j¥£¯W¥ﬂ¯a¸¢P¨o÷ﬃ·°¼ä´MP¡
§M¡Sµ´®¹z´MP¡
´q§M¡S¡
Ä
u¸¦£¡¸¢
ú
¸¨
Ä
ïSÒ
û
·
ß
Áﬀ¡+¯S®o²³¶P¥ﬂ§M¡¾´M¡µq¸¦ëZ¡
®ﬂ¹´MP¡¯jE¥ﬂ¢P¨o¡+¸¢
´MP¡+µq®±§M¯S¡
­P¥g´j¥·P¥µq¡+´M®´MP¡¾´M¸²³¡¾´j¥Þ{¡Z¢
½
¸N´ã¸µ¾¥£µq®¸¢°´M¡Z§M¡Sµ´M¸¢P¨
´M®#¯S®o¢µq¸Ì­U¡Z§³´MP¡ﬃµq¸ëS¡ä®¹ã´MP¡ﬃ¯aP¥¢P¨¡¸¢í´MP¡ÜﬂØUÚ
L
ØUÚ
½
´MP¡©lª¬«
´q§M¡S¡
½
¥¢E­'¯S®o²³¶P¥ﬂ§M¡´MP¸µ´M®¾´MP¡ﬀ´M¸²³¡ﬀ´j¥Þo¡S¢¹?®ﬂ§´M¡¸¦¢¯Z§M¡S²³¡S¢°´j¥ﬂ£
±P¶­¥ﬂ´M¡
Ä
Q
¢ì¡Z»U¶I¡Z§M¸²³¡S¢°´´M®ê¸¦¢Ç{¡Zµ´M¸¦¨o¥ﬂ´M¡ä´M¸¦µ§M¡Z£Ì¥g´M¸®o¢Pµq¸¶ ¸µ
µqP®WÁ¬¢ì¸¢
ú
¸¨
Ä
ïWõ
û
·
ß
û
¹?®§Áﬀ®§MÞ£®{¥­+
ïWß
ÄíÍ
®#¯W¥¶U´M±§M¡Ã´MP¸µ
½
Áﬀ¡¤®±´M¶±´³´MP¡¤©lª¬«ê´q§M¡S¡¤·I¡a¹?®§M¡É¥ﬂ¢E­ ¥g¹A´M¡Z§Ã´MP¡¸¦¢¯Z§M¡S²³¡S¢°´j¥ﬂ£
±P¶­¥ﬂ´M¡
+Ä
¡´MP¡S¢³±µq¡-,ãÀ /¾¸ 
Ñ *oôgÓ
´M®+¶§M®­U±P¯S¡%¥¢¡W­U¸N´µq¯Z§M¸¶U´
¯S®¢UÇo¡Z§q´M¸¢P¨´MP¡¬®o£¦­³´q§M¡S¡¬´M®+´M¡¬¢P¡ZÁî´q§M¡S¡
½
¥¢P­³²³¡W¥µq±U§M¡%¸N´Mµﬀµq¸ëS¡
¥µÆ¥ﬂ¢¥¶¶§M®W»U¸²¥ﬂ´M¸®o¢
®¹ $ e^1$
Äú
±U§q´MP¡Z§M²³®ﬂ§M¡
½
$

$S§M¡S²¥ﬂ¸¦¢µ
ï
* *
½
`¤¸¦µ
õ
*

¥¢E­ $  $P¸µ%µq¡Z´¬´M®
*
* *
Ä¬Í
¸¦µ%¡Z»U¶I¡Z§M¸²³¡S¢°´¬µqP®WÁ¬µ%´ME¥ﬂ´
èZØ×oé\ÙZØUÚ)¥ﬂ£¦µq®'·I¡SE¥WÇ{¡Zµ§M¡W¥µq®¢E¥ﬂ·P£N¼³Áﬀ¡S££IÁ¬¸N´MÃ§M¡Zµq¶I¡S¯Z´ﬀ´M®'®o±´M¶±´
µq¸ëS¡
½
¥¢P­É¹A±§q´MP¡a§
½
´MP¥ﬂ´ã´MP¡
I
ØèZÚ~ÕMÖMÖÃÙ

ÙÛ?Ý
ý
®¶´M¸²³¸ëW¥ﬂ´M¸®¢
û
¸¢
¯S®²·P¸¢P¥ﬂ´M¸®o¢çÁ¬¸N´Mç´M¡¨§j¥ﬂ¶PUÀ\®ﬂ§M¸¡S¢°´M¡W­çµ´M®§j¥ﬂ¨o¡²³®­¡Z£
ß
´M¡Z¢E­µ
´M®·I¡,²³®§M¡,¡¡S¯Z´M¸Ç{¡,¡a»P¥ﬂ¯Z´M£N¼Á¬P¡S¢ﬃ¥¢ﬃ¸¦¢¯Z§M¡S²³¡S¢°´j¥ﬂ£I±P¶­P¥g´M¡ã´M®
 0
 2
 4
 6
 8
 10
 12
 14
 100  1000  10000
El
ap
se
d 
tim
e 
(se
c)
|I|
(a) Incremental advantage (Delta I: 2% deletes & 2% inserts)
W1 by Prata
W1 by eval.
W2 by Prata
W2 by eval.
 0
 5
 10
 15
 20
 0  5  10  15  20
El
ap
se
d 
tim
e 
(se
c)
% of updates on the course DB
(b) Prata vs Inc. (|I| = 10K)
W1 by eval
W1 by Prata
W2 by eval
W2 by Prata
¬<87:9)sﬂ<;   =+:ãsg\DPsC#FEGBAoÉDEqEW;= 	
ﬀF@H@HsgDEF>Aﬂ;DIGîF GUFPsﬂ<AHEjrîDE@q=FDESF &HF!ﬀS9ﬀW<Z,{ ﬀ
$
[ $
FPGrqﬂ9=@ q=FDES ﬀW<Z,{ ﬀ

 0
 0.5
 1
 1.5
 2
 2.5
 3
 3.5
 4
 4.5
 100  200  300  400  500  600
Av
g.
 ti
m
e 
fo
r e
ac
h 
un
it 
of
 w
or
k
|S|
(a) No subtree reuse vs subtree reuse (|w| = 100)
no reuse, f=50%
no reuse, f=80%
f=50%
f=80%
 0
 5
 10
 15
 20
 25
5.0x104 1.5x105 2.5x105
El
ap
se
d 
tim
e 
(se
c)
|Delta T|
(b) Subtree reuse vs no subtree reuse on insertion workload (f = 50, |w| = 100, |S| = 300)
no reuse
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